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THE EFFECTS OF DIFFERENT SEQUENCES OF INSTRUCTIONAL UNITS AND 
EXPERIENCES IflTHIK^ IK^STRUCTIOML UNITS ON THE ACHIEVEMENT 
AND ATTITUDES OF COLLEGE GENEML BIOLOGY STUDENTS 

By 

Alfred V, Gunter, Ph.D. 
The Ohio State Unlv^sity, 1973 
Professor Stanley L, Helgeson^ Mviser 

The affects of t^o different sequences of instructional units 
and two forms of coitrQl for within-unit oKperAance sequtnees on the 
aGhlevament and attitudes ©f students in a CQllegs introduatory bioiogy 
course were investigated. 

In the txperitnentj 376 undergraduata students studied five 
instructional units tlu:^ough the audio-tutorial method during a five 
TOek period* Instruational unite included Photosynthasis ^ Respiration, 
Nitoais and Meiosis^ nenetiess and Conteol MechanisniSi In addition t© 
Independent study sessioni CISS)^ subjects attended a wtekly diicussioii 
period in which probleriS encountered in the ISS ware diacusied. 

Instructional unit siquences included a Structure Bised Unit 
Sequence (SBUS) and a Test Determined Unit Sequence CTDUS). The SBUS 
was based on an analysis of rnajor concepts included in the five 
instructional units. Units including concept-s considered prerequiaiti 
to other units were put into the sequence on that basis* The unit 
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considered to ba dependent on the other foar was givm terTninai status 
in thp seqi.erice* The TDUS was based on results obtained froni the 
administration of an achievement pretest which Jiiciuded a scale for 
each instructional unit. The TDUS began with the unit on which sub j sots 
scored highest and moved progressively to Instructional unit? 
represented by lower mean achievement acores* 

The two forms of cuntrol for within-unit eKperience sequences 
were Teacher Direcired Experience (TDE) and Student Selected Experience 
(SSE), TDE subjects tollowed a teacher-prescribed sequence while SSE 
subjects used lists of objectives and related aetiv^ities to select 
within-unlt sequences. 

Upon completion of the eKperimental units , treatment groups did 
not differ significantly in biology achievement ^ or attitude toward the 
biology course* When subjects in the SBUS and TDUS groups were comparad 
on the basi.b of average time used to complete instructional units, 
signifiaant differences favored the TDUS group by two to one^ Both 
groups used a greater ainount of time to complete the uiiltg they 
encountered first in a sequence* SSE subjects used significantly mora 
time than TDE subjects on two instructional uniti. 

Other findings included* <1) a combination of factors which 
included SAT-Mathematics scCi.>e, grade point average, ar.d the score from 
a biology achievement pretest were the best predictors of biology 
achievement p (2) within-unit eKperience sequenoes selected by SSE 
subjects were not similar to those prescribed by an Instructor for that 
same unit, (3) subjects with high grade point averages used mora tmm 



to complete dastruc Clonal units and scored highur on the achievefnent 
poisttest than did low grade point average siibjects, and (4) subjects 
in all treatnent groups made hignly significant gnins in achievement. 
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Chapter 1 

INTRODUCTION TO THE PROBLEM 

Intrcduction and H"tad foy the Study 

Hmy types of iiistruetion^l matwlals and a vwiaty of aiidi©* 
tutorial ^q^uipmaiit ara available for uit in coUege general biology 
coiirsas. ttmm auch as aoneept©paks i miniwwseSf mgdulaes and cQmpleti 
audio- tut crial packages provide those with a rasponsibility for teaching 
biology to ganaral sdueatioii students a real opportunity for innovative 
instruetion , 

A atiTiDry insptction of what Ic now availatol^ might lead to the 
impression that ths real problem in btoiDgy taaching is to solact the 
right program or packa|e. Howevtr, a olosar eKamlnation guiakly reveals 
that there is rtalJLy not niuoh agreament aa t© how genaral biology should 
be taught* Textbooks do not always Inolude the Bmm instructional units 
and those that do often hava thani arrangad in different patterns. 
Moreover, the sanii is true withiii Instruattonal units where the saqutnee 
of ejcparienGes varies considerably fron pTOgrwn to program t 

Thera is nothiiig inherently wrong vrith a multiplicity of ipprQache 
to biology taaehing and the corresponding variety of available instruo- 
tional matfriais. The real problem is oto? inability to effectively use 
that which Is available» 
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It seems peasoiisble to say that :here is fairly unanimous agi*ei- 
mmnt among educators that instruetion should be geared to the individual 
learner. However, obiervations of many biology elassrooms and 
laboratoriea indicate that vm really da nr^t know too mueh about how to 
get the job done. Quite often all studanti s^b aKpsoted to follow one 
pattern in the instructtonal sequence and they are e^^pected to pragress 
at fairly unifom rates* The pattern or sequenea of events inight be 
that of a textbook, or one provided by the Instruotor whleh ha "feels*' 
is right. 

This approach (authoritative) to. eouraa development is no longer 
acceptable to many Individuali* Hiel (1968) suggests that students may 
go through diffarent aaquenoai in swlving at slmilw points of under** 
itandingi and that thwa is raal danger In insisting that lirga groups 
of atudenta follow indafenslble eequancas of instruction* Sha goes on 
to say that ow old ideas about the "best order" in taaching are badng 
challenged. 

Individualizing the rate of Inatruetion is a problem that has a 
technological solution* However , aequanoirg instructional units' and 
«Kperieneea within units is another matter. Ballaek (196^s277) states 
that it is neeessary to go bayond sequaneing that is based on tradition 
CP feelings* 

Theoretical Basis for Study 

An eKamlnatlon of college biology textbooks written for general 
education indicates that there is little or no agreement among textbook 
writers as to the overall sequanca for Instructicnal units* Although 
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there is probably better agreement concerning the sequence of conGepts 

within initruational units there is no uniforni pattern of development. 

If variety eKists among biology taKtbooks, then it must also be 

true that biology courses for non^sclence students are even more diveraa* 

College biology eoursei »a deaigntd by Individuala ar small groups of 

Instruetors who are usually professional biologista. Tbey divelop 

instructional units and complete courses on the ba^is of the way in 

which they understand their* disciplines In many cases , It is probably 

fair to say, no real attempt is made to determine the effectiveness 

of instructienal programs preparad in this manner* But even if evalu* 

ative techniques are employed , the basic approach may be entirely 

incorrect* Green ( 1967 i 70*71) has suggested thati 

The crganl^ation of instructional materials in accordance 
with common sense principles or even in terms ©f the logic of 
a subject matter may not necessarily be the best way to 
organl^i a course from the viewpoint of the learner* 

It could very well be that we have reached a point in the history 

of undergratluats aducatipn wh^e a logical approach in course development 

is no longer acceptable* It appears thatj in the not too distant 

future, the colleges and universities will have to provide evidence to 

support the effectiveness of the programs and courses that are a part 

of their cvffricula* They will have to show that eowses have been 

properly conceived and developed, and that the behaviors of students 

enrolled in tham change in a predictable and measurable manner. 

At this point those who have been active In the area of programmed 

instruction would say that there Is really nothing unique about preparing 

effectiva irsstructional materials. For eKample, Sreen (1967i70) states 
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that program development requiris a description of disirable end states, 

soma knowledge of the learner's initial level of understanding, and a 

rtasonaile progreision of steps leading to nnasttry. 

Much that has been written about learning theory would seem to 

support this approach* In the Sixty-thlird yearbook of the National 

Society for the Study of Education ^ Bruner C19£4i313) makes the 

foliovriiig statement: 

Instruetlon consists of leading the learntr through a 
sequence of statements and restatemerits of a problem or body 
of knowledge that increase the learmr's ability to grasps 
transform^ and traneftr what he is learning* In shorty the 
sequence in which a learner encounters materials within a 
domain of kiiowledgt affeets the difficulty he will hava in 
achieving mastei^. 

In another publication Bruner (1960:31) ftirther amphaslEas tht impor* 

tmcm of underlying principlea and ovbtbU structi^a In tha davelopment 

of a basic undarstanding of a subject* 

Some of the major Idaas presentad by Gagne (1970 i 26-27) arc very 
similar ta thoaa of Bruner* Gagne also feels that knowledga acquisition 
la sequential and naw eapidbilitlis are baaed on previously learned 
capabilities. He suggests that there are a niunber of different typBB 
of learning and that thay wa arranged In a hierarchy* Gagna also 
agraas that thu preparation of instructional materials must involve 
content analysis imd tha dasignation of teminal behaviors* 

A somewhat diffarant approach to concapt learning is described 
by Auaubal (1968 )• In his principle of subsumptlon ha contands that 
learning is facilitated by the use of ''advancad organlEcrs." In other 
words, new learning tends to be subordinate to mora inclusive or general 
idaai that are atoaady a pai^t of cognitive strueturei Although 
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Meehnar (1967i 81-103) does not refer to "advanced organiEers'* or the 
subsumption prinaiplt, his dtacussion of instructional sequencing clearly 
parallels Ausubel's theor/. Mechner refers to ''backward fading" in 
chaining. This involvei teaching the last member of a chain fi^st, then 
the next to the lasti etOt 

A theory ©f instruction which takes into consideration both the 
nature of the subject matter and the events that occur in teaching has 
been advanced by Anderson (1966ai289). Anderson defines learning aa 
stimulus - response conditioning resulting in the production of chains 
of responsei* Th'-^ function of the teacher is to present information and 
activities in a sequence that will promote deairable chain formation. 
Anderson suggests that the sequence of presentation has a considerable 
influence on the ease of response chain formation. 

Thus it appears that^ among educational theorists^ there is 
fairly good agreement that some type of cognitive structure must be a 
part of the learning situatlont Ausubel (1968:128) describes the 
situation by stating that ''If cognitive structure is unataJbiet ambiguous^ 
dlsorganlEed^ it tends to Inhibit meaningful learning*" Anderson 
(1969:227) goes a bit beyond the views of Ausubel by suggesting that a 
structure does indeed SKiet and that in science the structure must have 
a chronological basis # AQcording to Anderson a curriculian which is 
chronologically sequenced should facilitate the development of inquiry 
skills and the retention of knowledge. 

Although there is igreement that aognitive structwe is important 
to learning^ there does not seem to be any real concenF^us concerning the 
nature of that structure. For escamplep Bnmer (198^^1 313) sayss 
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There are usually a variety of sequences that are equlvi- 
lent in their ease and difficulty for learners. There is no 
unique sequence for all learners, and the optiinum in any 
particular casei will depend upon a variety of factors, 
including past learning ^ stage of developments nature of the 
material, and individual differences. 

In a discussion of Gagne's hierarehyi Hilgard C1966i571) makts the 
following observations i 

. * * it is by no Tneans clear that a sequence of instruction 
can bf designed upon it [Gagne's hierarGhy] or that that basic 
notion is sound that the lower steps of the hitraarchy have to 
be mastarad bafora the highar steps can hm laarnid* There may 
well be a cyclical development in learnings in which the VM»ious 
stagas repeatedly assert themselves* 

The foregoing discussion indicates that there are niany unanswerad 

questions that ralate to sequencing in learaing. Is there an overall 

sequence that is more affective than others? If sq> how can it be 

defined for specific areas of instruction? Of^ is it possible that the 

arrangetnent of events in learning ekperiences is not really critical? 

Obviously I answers to these and other questions can only bs awived at 

by experteents aiined at specific subject areas and the vwious types of 

students that are included in typical educational institutloiis. 

Statement of the Problem 
Major Problem 

For college students studying introductory biolegy in a ceurse 
for non^seience niajors, does the organiMtianal seqU€ftQe of instructional 
units and the control (student vs. teacher) of the seq^ience of 
experiences within inatouctional units affect biology aohievemant 
and students' attitudes toward the biology course? 
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Subproblema 

Fop ODllege students studying introductory biology in a ganspal 
education aom*se taught ttoough the audio -tutorial method: 

1, Is biology achievement affecttd by tht ©rganiMtional 
sequence of Initruotional units? 

2* Does control (student vs. ttachw) of the atquence of 
experiencas withiii insteuctional units affact bioiogy achievimsnt? 

3* Is tiiere an interaotion between the organizational sequence 
of instructional units and eonwol (teacher vs* student) of the sequence 
of experiences within instruotienal units that affects biology 
achievemant? 

^* la there a single characteristic ^ or a combined set of 
characteristieep that will reliably predict biology achievament? 

S. Whmn students are permitted to salect the sequanca of 
aKperiences within Instructional units ^ will thafa* atti'^des (toward 
the course) differ from tha attlwdes of students following a teacher 
directed sequence? 

6# Doas conteol (student vs, teacher) of the sequanca of 
experiences within Instimctlonal units affect the ^ount of time requlrad 
to complata instructional units? 

7* Doas the organizational sequence of inswuctional units 
affact the amount of time required to complete insteuctional units? 

8, When students are permitted to select the sequenct of 
eKporlences vlthln an instructional unlt| will the sequence they select 
ba similar to the taachw d^acted saquence for the same unit? 
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AssumptlQns 

It It is possible to d©\fise and utilise several different 
sequences of initruGtional units £ov a college introductory biology 
course ^ 

2. It is possible to devise and utilise a teacher direoted 
sequence of eKperiencas within the initruotional units included in a 
college introductory biology course, 

3* The entry level biology achievement of students enrolled in 
a college introductory biology cowse can be measiired, 

4, Instruniants that measure biology achievement and student 
attitudes toward a cellege introductory biology course oan bm developed « 

5. When glv i thm opportunity ^ atudente in a colltga introduo- 
tory biology couraa will select a withln'-unit experience ssquenee, 

Lltnltations 

1* Subjects were limited to students eTOolled in Basic Biology 
at Shippensburg State College during the 1972-73 academic year* 

2. DisGUision group rnestiiigs were taught by eight different 
Instructors* 

3, Instructional units included in the study were traditionally 
oriented (did not anphasize human biology i population problems t ecology^ 
etc,)- 

Delimitations 

1* Important cognitive and non*cognitive outcomes of the 
Itarning process other than biology aQhievement and subjects* attitudes 
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towm d a biology cowse were not considered* 

2, Only aelictad instructional units were included in tha study, 

pef inxtions of Ternis 

1* Instructional unit - a major segment of study included in 
many college introductory biology couraes (call iwuctura and function, 
genetics, rssplratiDn^ etc*)* 

2, StruQturi based unit sequence * an arrangeinant of instruc-* 
tional units which begins with a unit which includes major concepts that 
are considered prerequisite to other units and moves prop^tsaively 
through units of increasing conceptual sophistication to a terminal 
unit which is structurally dependent on those which prectde it. 

3, Test determined unit sequence ^ a sequanct of instructional 
units which is based on results obtained ft^ow an achievainent pretest* 
Mean achievement acorei for instructional units (which are represented 
by test scales) are used to arrange units in a sequence which progresses 
from high to low achievement. 

Teacher directed experience * an arrangement of experiences 
within an instructional unit based on an analysis of concepts included 
in each instructional unit* 

5* Student selected experience « an arrangement of experiences 
within an instructional unit resulting from student selection of major 
objectives and related learning experiences* 

6* Learning experiences - activities that constitute an 
instructional unit (observing demonstrations » reading, listening, 
viewing films, atc*)» 
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7. Aehievement knowledge attained or skills developed in school 
subjects, usually designated by test icores qt marks assigned by teachers • 

8» Attitude a readiness to act toward or against some situa- 
tion ^ person 5 ©r thing In a particular manner. 

Hypotheses 

For college students studying introductory biology in a general 
education course taught tta'ough the audio-tutorial methods 

1* The organiMtional sequence of instructional units does not 
affect biology achievement, 

2. Control (student vs. teaohCT) of the sequence of experiences 
within instructional units does not affect biology achievements 

3* There is no Interaction between the organizational sequence 
of instructional units and control (s'ttident vsp ttacher) of the sequencs 
of expwlences within instructional units that affects biology achievement • 

4. For college students studying introductory biology in a 
general education course taught ttoough the audlo^'tutorial method ^ thara 
is no single charactwiatia^ or set of combined oharacteristics i that 
will reliably predict biology achievement, 

5. Control (student vs. teach^) of the sequence of experiencas 
within instructional units does not affect students* attitudes toward 
the biology course. 

6* The organiEational sequence of instructional units does not 
affect the amount of time required to complete Instructional units. 

7. Control (student vs. teacher) of the sequence of eKperiences 
within instructional units does not affect the amount of time required 
to complete instruetional units. 
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8* Sequences of txperitnees within specific instructional 
units that are selected by students will not be similar to teacher 
directed sequences for those same units. 

Description of Basic Biology Course 

At ShippensbOTg State College Basic Biology is a general 
education course for non-science students. Each semester it is taken by 
350 to 500 students from the broad fields of teacher education (elemen- 
tary and secondary) and the arts and seiences curriculiai5i The course is 
one semester in length and, during the experimental period, it included 
the following instructional units i 



1. 


Cheniical Basis of Life. 


2. 


Cell Structure. 


3. 


Movement of Materials. 


4. 


Photosynthesis, 


5. 


Respiration. 


6. 


Mitosis and Meiosls, 


7. 


Genatici. 


8. 


Control Mechanisms. 


9, 


Animal Reproduction and Development, 


10. 


Evolution, 


11. 


Ecology , 



With the exception of Ecology all instructional units were one week in 
length. Three of the eleven units (Chemical Basis of Life, Evolution, 
and Ecology) were taught through a conventional lecture^diseussion 
approach* All remaining units ware taught through the audio-tutorial 
approach. 
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During the weeks that instruetional units were taught through the 
audio"tutorial approach subjects attended an independent study session 
(iSS) and a small group (30 students) diseussion period, The.ISS at»6a 
was available during daytime and evening hours on Monday , Tuesday , 
Wednesday^ and Thursday each week. Independent study sessions were 
apprDximately two hoia^s in length* Dinning the ISS subjects listened 
to audio tapes I read from teKtbooks, manuals, and mimeographed sheets^ 
engaged in SKperimental aotivitiesi and observed demonstratiQns and 
short films* All of the subject matter considered in the course was 
included in the ISS* Diicussion periods were 50 minutes, in length and 
provided students with an opportunity to discuss those items ineludad 
in the ISS, The seventeen discuasion groups were taught by eight 
different instructors, 

Th<3 instructional units titled Photosynthesis , Respiration , 
Hltosis and Maiosis> Genetics, and ConWol Mechanisms were included in 
the txperiment. 
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Chapter 2 
REVIEW OF R2LATED STUDIES 

Major Sources of Information Consulted 

A systematic review of the following broad sources of informa- 
tion was conducted^ 

1* ERIC Educational Documents Index , CCM Information Corp», 
New York, 

2t Current Inden to Journals In Education , CCM Information 
Corp* , New York* 

3* Handbook of Research on Teaching (edited by N, L* Gage), 
Rand McNally and Co,^ Chicago, Illinois, 1963* 

4. Dissertation Abstracts ^ University Microfilms, Ann Arbor, 
Michigan s 

5* Encyclopedia of Educational Research , American Educational 
Research Association, The Macmillan Co., New York, 1960, 

5, Education Index , The H, W, Wilson Co*, New York. 

7* Readers Guide to Periodical Literature g The H, W, Wilson Co.^ 
New York* 

8* Review of Educational Research , American Educational 
Research Association (NEA)i Washington^ D* C* 

9* Psychological Abitracts , American Psychological Association t 
Lancaster, Pa, 

13 
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Categories ResGarch Studies Reviewed 

Studies included in the reviev/ were assigned to one of the 
following areas: 

1. Sequential Laarning* 

2. Learns Control of Instruction, 

3* Effect of Instruct ional Method on Achievement. 
^, Student Characteristics as ftedictors of Achievement* 
5, Effect of Instructional Method on Students' Attitudes 
Tow^ds a Course. 

6* Student Characteristics as Learning Variables* 
7. Individualized Instruction* 

Sequential Learning 

From available studies of sequential learning, several represent 
teste of Ausubel's advanced organiser theory. For eKariples Ausubel and 
FitEgerald (1962) investigated the relationship between background 
knowledge I antecedent learning , mnd sequential verbal learning. College 
students were asked to learn two sequentially related passages from the 
subject of endocrinology. Results of the study indicated that 

(1) background knowledge was helpful in learning the first passage, 

(2) knowledge of the first passage was toportant in learning the second 
passage, and (3) advanced organizers enhanced the learning of students 
with relatively poor verbal abilities. 

The effect of advanced organisers on the acquisition and 
retention of knowledge has also been tested by Kuhn (1967), Subjects in 
Kuhn*s study were elementary education majors enrolled in a college 
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biology class. Results itidicated that the acquisition and retention of 
meaningful material was Qnhanccd by the use of organizers, Kuhn also 
found a significant relationship between acquisition and retention of 
knowledge and analytical ability* 

Grotelueschen and Sjogren (1968) have tested the affect of 
structure and sequence in a learning eKperience on ability to perform 
related learning tasks. Experiments were Gonduated with adults and 
graduate students* Subjects were required to complete an introductory 
mathematics program prior to completion of a related task. Introductory 
materials varied in structure. Related tasks were sets of paired 
associates which varied in degree of sequence from complete , through 
partial 4 to no sequence. The investigators conoluded that (1) intro- 
ductory materials do facilitate leaning of a nrnnber base concept, and 
(2) partially sequenced materials had a facilitating effect on transfar* 

In a study reported by Pella and Triezenberg (1969), three 
different forms of an advanced organiser were tested. Students in 
grades seven and nine were taught ecological principles through use of 
a Mobile Video Distribution System. The concept of equilibrium was 
the basis for the advanced organiser. Modes of presentation included 
(1) verbal, (2) verbal supplemented with sketches, and (3) verbal 
supplemented with a mechanical model. Following a uniform introductory 
lesson, subjects in the three treatment groups were exposed to eight 
lessons on ecological subjects that involved the concept of equilibrium. 
All lassons contained the same basic concepte — the difference between 
lessons was in the way in which the advancad organisar was utilised* 



29 



16 

Conclusions included: 

1. working models for advanced organizers were more effGctiv^i 
in promoting student achievement at the comprehension level, 

2p advanced organizers produced higher Tnean test scores in 
grade 9 than in grade 7 at the knowledge level for all pupils, and at 
the comprehension level for pupils of high and aveiage ability* 

In a study Involving fo^th, fifths and siKth grade seienca 
students j Pyatte (1968) investigated the effects of unit structure on 
achievement and transfer. Structured units were based on Gagne's 
hierarchy. Pyatte ooneluded that there was no evidence to support the 
idea that teaching based on the structura of science is important. He 
found that grade level and ability were more significant to achievament 
than structure or mode of presentation, 

Gagne's Hierarchical Learning Theory also served as a 
theoretical basis for a study conducted by Tamppari (1969), Principles 
related to photosynthesis were arranged in a sequence and tested on 
fifths seventh, and ninth grade students, Tamppari found that achieve- 
ment was directly related to grade level and that male subjects in 
grade nine outperformed females* He concluded that while it is possible 
to construct a model for biology curriculum development by organizing 
a hierarchy of pertinent eancepts and principles, the regular curriculum 
being utilised by subjects had not been based on psychological theory. 

Anderson (1967-1968) used programmed materials to investigate 
the effects of varying the structure of science content on the 
acquisition of science knowledge* Subjects were junior high school 
students with above average ability, Anderson found that programs with 
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decreasing levols of strueture resulted in a decreaSi^ in knuwledge 
acquisition. In an earlier study Anderson (1066b) had obtained similar 
results* 

Much of the aKperimental work related to sequential learning has 
been done by investigators working with various types of autoinstructional 
programs. For examples (l'J62) and several colleagues investigated 
the effect of serambling the internal sequence of a prngram titled 
Elementary Probability on the number of errors made during instruction, 
total tiinc required to complete the program , and achievement* Subjects 
were college students enrolled in a psychology class. A control group 
used the regular program which was "logically" sequenced* Statistical 
tests did not reveal significant differences between the experimental 
and control groups on any of the dependent variables. 

Levin and Baker (1963) have also investigated the effect of 
scrambling the sequeuce of items in an instructional program. Subjects 
were second grade students who used teaching machines to study an 
elementary geometry unit for fifteen minutes each day during a 17 day 
period. Items in three blocks within the program were scrambled fop 
subjects in the experimental group* Controls studied the standard ^ 
logically sequenced program. At the conclusion of the eKperiment^ 
subjects in the eHperimental and control groups did not differ 
significantly in median number of errors , mean work time, or achievement* 

A study of sequencing in the area of economics was conducted by 
Newton and Hickey (19^5)* The prograin utilized was on the subject of 
Gross National Product and included three major sub-concepts. Programs 
containing different arrangtrntnte of sub-concepts were given to 132 
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colla^ic students enrolled in an introductory psyGhology course. 
Followin); completion of the program ^ which required one class period, 
subjects were tested for achievemem: witn a ten item multiple choice 
test. Treatment groups did not differ significantly in achievement or 
number of errors made dwing instruction* The investigators found that 
the amoLnt of time required to completG the prograni was related to the 
sequence of the sub-concepts* 

Payne 5 toathwohl, and Gordon (10B7) e^^plored tl^e effect of 
different amounts of scrambling, within a series of programs, on 
achievement* The three programs used in the study dealt with the basic 
concepts of edueaticnal measi^ement * One treatment group was given three 
scrambled programs and another was given three btandard, logically 
sequenced programs* Other treatment groups were given different 
combinations of scrambled and standard programs. Follawing the 
eKperJment^ nona of the treatment groups was significantly batter in 
achievement. 

A sequencing study which involved two very different subject 
areas was conducted by Wodtka, Brown ^ Sands, and Fredericks (1967). A 
mathematics program which had a very definite progressive sequence 
(hiararohlcal structure )s and a program on the anatomy of the ear were 
included in the two part axperimant. EKperimental groups were given 
scrambled programs and controls used standiurd progr^s in both parts of 
the eKperiment. Although it was anticipated that scrambling would have 
a more detrimental affect on a program with an inherent hierarchical 
structure, this was not found to be true. Control and eKperiniantal 
groups did not dlffar significantly in aehievament in either of the 
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experimnnts. In the mathematics part of the experimint subjects using 
scrambJea sjquonces used significantly more time and made more errors 
than eortrols. yimilar diffcronces ware not found in the anatomy 
experiment* 

The effeetiveness of two different sequence patterns in teaohlng 
fifth grade science students multiple discrimination tasks has been 
tested by Short and Haughey (1966), In the multiple concept approach 
two concepts were introduced simultaneously at a very general level ^ 
followed by greater detail* In the single concept approach^ one concept 
was introduced and taught in detail prior to the introduction of the 
second concept. Dicing a five day period subjects were taught the 
characteristics of vertebrate animals through use of a slide-audiotape 
presentation. At the conclusion of the experiment subjects who had used 
the multiple concept approach made significantly higher scores on the 
posttest and retention test. 

Summary 

Studies by Ausubel and Fl^Egerald* Kuhn; Grotelueschen and 
Sjogren; Pella and Triezenberg; and Andersons lend support to the idea 
that sequence is important in the mastery of subject matter* Pyatta*s 
study appears to contradict this idea. 

In the area of programed instruction the work of RoCj Levin ^ 
and Baker; Newton and Hickey; and Payne, i^athwohls and Gordon suggests 
that sequence (in short instructional programs) does not affect student 
achievement . Wodtkei Brown, Sands, and Fredericks found no significant 
difference in achievement when aubjects using a scrambled form of a math 
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pro|Tram» tha:: had a definite hierarchical structure , were compared with 
subjects using a stavidard form of that same program* In another part of 
the fsamc experiment Wodtkt's group investigated the effect of scrambling 
on a program which did not possess a hierarchical structure. When 
subjects using scrambled programs were compared with subjects using 
standard programs, non-significant differences in achievement and time 
v/€ra obtained* This study provides limited support for the idea that 
sequence might be important in some instructional pro|;rams but not in 
others. 

Wodtke also found that subjects using scrambled forms of the 
math program used a significantly greater ajnount of time.. Wodtke-s 
findings on time utilization are in fairly good agreement with those of 
Newton and Hickey who found that the amount ©f time required to completa 
the program on Gross National Product was related to the arrangement of 
aubconcepts in the program . However, studies by Roa, and Levin and 
Baker produced nonsignificant differences when the effect of scr^nbling 
on time utilized in the completion of programs was analyzed. 

Learner Cpntrol of Instruction 

Very few studies that Involve learner control of the instruc- 
tional Sequence have been reported, A training program for engineers 
(recent graduates preparing to begin industrial assigmnents) has been 
dascribad by Mager and McCann (1961)* Subjects were given a detailed 
description of the course objectives and information concerning a variety 
of rtsourcas* Thay wars then parmitted to select tha activities and 
sequences which they praf erred. Results included (1) training time was 
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reduced by approximately 50% ^ and (2) trainees were as good as or better 
than those prepared through the convantional program, 

Olson (1957) compared tha af fectivenesa of two Tnethods of 
instruction in a college biology course. When students in a '■student- 
centered" or permissive subgroup were contrasted with those in a 
^'teacher-centered" or authoritaJc^ian subgroup, it was found that the 
controls (teacher-centered) outperforined the eKperimentals on subject 
matter tests. In a study in which biology students were gradually 
given grea':-5r responsibility for planning learning eKperiences, Brown 
(1966) found that the posttest achievement scores of subjeots were above 
predicted scores of students with comparable scholastio ability from 
randomly selected schools * 

Rainey (1965) has investigated the effects of directed and non- 
directed laboratory work on the aohievement of high school chemistry 
students* Four classes were separated into directed and non-directed 
groups. The directed groups completed aotivities that were based on 
detailed instructions* Students in the non-directed groups ware simply 
given a problem to solve. Both groups were present during recitation- 
discussion periods* Results of the study indicated that control and 
eKperimental groups did not differ significantly in terms of knowledge 
of prinoiples and descriptive chemistry. 

The effect of self-directed study on achievement has also been 
tested by Hoveys Gruber, and Terrill (1963). This study compared the 
lecture appreach with self -directed small groupi. Subjects were college 
students In an educational psychology course. Although the students in 
the salf-*directed groups were tlightly superior to those in the lecture 
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groups, there was no significant difference in the mastery of aourse 
iTiaterial. 

Judd, Bundersoni and Dessent (1970) studied the effects of 
learner control of instruction with threQ remedial inathematics programs* 
Subj^BCts were college students who used computer assisted instruction to 
study EKponents, Logarithins^ and Dimensional Analysis. Pour levels of 
control which ranged from full learner to full program control were 
built into the eKperiment* While subjects in the full learner control 
group had the option of rmitting segments of the rogram, sub j acts in 
the full program control group v/cre required to complete all of the 
programs* Subjects in groups that were intermediate in control had less 
freedom than subjects in the full learner control group but more freedo?^ 
than subjects in the full program control group. Statistical tests 
revealed (1) treatment groups did not differ significantly in the amount 
of time used to complete the program » and (2) there was a vtry small but 
significant differenca In achievement p which favored the learnar control 
groups for the unit on eKponenta* The Investigators concluded that 
control of InsWuctlon did not contribute siistantially to student 
achievement . 

A Gagne-^type sequence and a student controlled instructional 
sequence were compared in terms of their contributions to aQhievement 
by Oliver (1971), Si^jects were college students who used computer 
assisted Instruction to study "imaginary science*" Oliver found that 
learner confr oiled sequences resulted in poor performanca on a criterion 
measure* The Gagne sequance resulted In fewer ewors but did not give 
subjects a signif leant advantage on the criterion maasurst Oliver 
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concluded that the instructional sequence for relatively short programs 
may be unimportant. 

In a similar study that preceded Oliver 'Ss Campbell and Chapman 
(1967) eKplored the effect of learner vs. program control of instruction 
on achievement. In the eKperiment 216 fourth and fifth graders studied 
geography through the use of programed materials for on© school year. 
Although subjects in the learner control group niade a significantly 
greater gain from pretest to posttest on an interest survey instrument, 
laarmer and program controls did not differ signif iaantly in achievement* 

A study that compared the effects of the lecti:^© approach and 
independent study on student achievement was conducted by Ctavick (1971)s 
College students in a general education biology course were subjects in 
the experiment* They were pretested and posttasted for achievement with 
the Nelson Biology Test. 'freatTnOTt groups did not differ significantly 
in biology achievement at the conclusion of the study* 

S ummary 

The investigation conducted by Mager and McCann provides support 
for the hypothesis that learning is enhanced when students are permitted 
to determine the approach they use in a learning experience. Studies by 
Olseni Broim; Ralneyi and Hovey^ Gruber, and Terr ill do not support this 
same: hypothesis* 

Studies involving various forms of self-instruction have also 
produced conflicting results* Oliver found that subjects in "learner 
control" groups performed poorly on a criterion measure, Campbell and 
Chapman determined that although learner control groups made large 
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gains in achievement » they were not significantly better than controls. 
Judd, Bunderson, and Bessent reported a small but significant difference 
in achievements which favored the learner control group g in one of three 
math pi^ograms used by subjects in an eKperiment involving computer 
assisted instruction. Treatment groups did not differ significantly in 
time used to complete the programs* 

Effect of Instructional Method on Student 
Achiev ement i n Introductory College 
Biology Courses 

Many studies that oompare conventional biology instruction 
(leoture-laboratory) with the audio-tutorial approach have been reported* 

Sparks and Unbehaun (1971) compared the effect of audio-tutorial 
and conventional instruction on the achievement of college biology 
studenti. The audio-tutorial students had a large group meetings an 
independent study session ^ and a diacussion period each week* 
Conventional classes attended three lectures and a two hoi^ laboratory 
each week. Although all students in the study showed significant gains 
in achievement, the control and experimental groups did not differ 
significantly* 

The effect of audio*- tutorial and conventional instruction on 
biology achievement has also been investigated by Grobe and Sturges 
(1973), Subjects were college students who were non-science majors* 
The eKparimental (A^-T) and control groups were eKposed to the same 
content for the same length of time* When the control and experimental 
group were compared on the basis of posttest achievement scores > they 
were not significantly different. 
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Similar studies eomparing the audio-i:utorial and conventional 
methods of biology teaching have been conducted by Mitchell (1971), 
Quick (1971), Himes (1971), and Russell (1968). The biology courses in 
these studies were of the introductory type* While Mitchell found no 
significant difference in achievement for audio-tutorial and conventional 
groups, Himes reported a significant difference in achievement which 
favored the A-T group (the significant difference was obtained in the 
second semester of a two semester study)i and Quick reported that A-T 
subjects achieved at a higher level than conventional subjects on a test 
of biological facts. Himes also reported that male A-T subjects 
outperformed malci subjects in the convantional instruction group, 
Russell j on the othci hand, found that subjects in the conventionally 
Instructed group scored significantly higher than subjects in the A-T 
group on the Nelson Biology Test, 

A study which compared audio-tutorial and conventional instruction 
as methods of instruction for a course in plant physiology has been 
reported by Marinos and Lucas (1971), Forty-^siK college sophomores were 
separated into a, control groups which had two lecti^es and one threa^hour 
laboratory each week| and an eKperimental group which utilized an "^open" 
A-T laboratory and attended a ©ne^hour seminar each week. At the end 
of the nine week period A^-T subjects did better on the achievement test* 
However, achievement differencea were not significant. 

The effect of two different types of audio tape presentations on 
student achievement has been investigated by Hoffman and Druger (1971) • 
Students in a oollege ganeral bialogy course were divided into direct 
and non-direct groups. Direct p^oupa received lessons that were 
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descriptive. Non-direct groups were taught through a leeture^question* 
answer method* Both groups completed the same units of instruction* 
Although students in the non-direct group performed significantly better 
on a test of problem solving ability, the groups did not diffar signifi- 
cantly on tests that measured the retention of facts and concapts* 

SiTnons (1972) has compared the relative effectiveness of audio 
tapes aid written scripts in teaching biology to college students. 
Units on genetics and developmental biology were taught during a sin 
week time period. Following instruction, subjects in the treatment 
group that used audio scripts performed at a significantly higher level 
on an achievement test for the unit on developmental biology. No 
significant difference in achievement was found for the genatlcs unit, 
Simons also determined that subjects with high scholastic aptitude did 
well regardless of treatment. 

In a study by Strickland (1971) programed Instruction and the 
lecture approach were compared. College students In two general biology 
classes served as subjects, Strickland found that subjects in the group 
that used programed inatruetion scored eignificantly higher on a biology 
achievement test* 

Shanon (1968) has also compared two different approaches to 
teaching college biology classes, A conventional recitation-laboratory 
group was compared with an integrated, independent study group. Shanon 
found that the conventional approach was more effective in helping 
students to learn facts and principles. 

Alternative methods for teaching general biology to large groups 
of college students have been studied by Bell (1970), Bell compared the 
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lecture approaGh (three meetings per week) with a variety of other 
methods i These included optional attendance , assigned readings ^ 
seminars i and tutoring by peers. Audio tapes from lecti^es were made 
available to all siibjects. On a content type final examination subjeota 
in all of the eKperimental groups scored significantly higher than 
control subjects. 

The effectiveness of closed circuit television (CCTV) as a 
method for college biology instruction has been tested by Madsan (1969)* 
During the quarter that the eKp^iment was conducted all subjects 
(college freshmen) attended one three-hoi;^ laboratory each week. In 
addition Group A attended tteee CCTV sessions and a one hour discussion 
periods G^oup B had ttoee live lectures (by the CCTV Instructors) and a 
discussion p^iod, and Group C had three CCTV sessions. Results 
obtained from achievement tests showed no statistically significant 
difference in achiev©nent between treatoent groups* 

The effect of the verbal behavior of biology instructors of 
college introductory biology courses on student achievement has been 
investigated by Sayer^ CMpbellp and Barnes (1972). Intwaction analysis 
was used to identify three instructors who were instructor-centered and 
three who were student-centered. An achievement posttest based on the 
first four levels of Bloom's Scale was used to compare subjects in the 
two treatment groups following instruction. The groups did not differ 
significantly in biology achievement* 
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Summary 

Most of the studies that have compaped audio-tutorial with 
conventional (lecture-laboratory) biology instruction (Sparks and 
Unbehaun; Grobe and Stitt*ges; Mitchell; and Marinos and Lucas) have 
reported no significant difference in biology achievement. However, 
Himes found that A-T subjects seored significantly higher during ons 
semester of a two semester study, and Quick reported that A-T subjects 
achieved at a higher level than subjects in conventional groups* 
Russell j on the other hand, found that conventional subjects signifi- 
cantly outscored A-T subjects. In another audio -tutorial study, Hoffman 
and Druger found that direct and non-direct tapes did not significantly 
influence achievement, Simons found that students who used audio 
scripts wtre significantly higher on an achievement test than students 
who used audio tapes. 

Significant differences in achievement , which favored ©Kperi- 
mental p'oups, have been reported by Strickland who compared programed 
instruction with the lecture approach, and Bell who compared a variety 
of instructional formats with the lecture approach. Shanon found that 
conventionally taught subjects scored significantly higher on achievement 
measures than subjects who participated in independent study, Hadson 
who compared closed circuit television and the lecture approach, and 
Sayer^ Campbell, and Barnes who compared teacher centered and student 
centered instructors found that treatment groups were not significantly 
different in perfomance on achievement measm?es. 
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Student Chayactariatics as Predictors of 
Achievement in College IntroduQtory 
Biology Courses 

The relationehip between student abiiities and achievement in 
college introductory biology couries has besn investigated by Meleca 
(1968)^ Sherrill and Druger (1971) ^ and Groba (1970)* Meleca'a study 
involved students enrolled in a course that was taught through an auto- 
instructional approach. He found that jnathematics and biology aptituda 
scores were good predictors of biology achievement, Sherrill and Druger 
concluded that mathematios aptitude was the best predictor of biology 
achievement. However , Grobe reported that student aptitude was not a 
good predictor of biology achievement and that high school science 
background was not significant in the promotion ©f biology achievement 
for students using the audio-tutorial approach, 

Scott (1966) attempted to identify predictors of success in 
college science and math by comparing student performance in high school 
science and math with performance in college science and math. 
Statistical tests on data collected from the records of 1^095 college 
graduates resulted in the following conclusions* 

1. average high school mathematics grade is a good predictor of 
success in college science and mathematics* 

2, in general, high school science grades are good predictors 
of college science grades. 

Findings of Tamlr (1968), in a study that CKamined the influence of high 
school science background on performance in a college introductory 
biology coi^sep are in agreemant with those of Scott. Tamu^ found that 
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students who had not taken high school biology and/o%^ chemistry were 
severely punished in college introductory biology. 

In a recent review of research related to Ausubel's theory of 
learnings Novak, Ring, and Tamir (1971) list high school biology achieve- 
ment as the best predictor of college biology achievement, and high - 
school chemistry achievement as the best predictor of biology achievement 
for college freshmen. 

Suynmary 

Results of most of the studies that have eHplored student 
characteristics as predictors of biology achievement support the idea 
that math and biology aptitude are good predictors of biology achievement 
and that achievement In high school science is directly related to 
achievement in introductory college biology courses* However ^ results 
obtained by Grobe indicate that student aptitude and prior coursework 
in science are not always effective predictors of achievement in college 
introductory biology courses. 

Effect of Instt^uctianal Method on Students - 
Attitudes Toward a College Introductory 
Biology Course 

Several investigators who have compared conventional (lecture- 
laboratory) instruction with the audio-^tutorlal (A-T) approach have 
reported an ijnprovement In student attitudes toward the A-T approach* 
Although differences in mean attitude score for treatment groups were 
not reported as significant, Himes (1971) found a "favorable response" 
to A-T, and Quick (1971) detected a "high level of satisfaction" for 
A-'T subjecti. Simons (1972), who compared the effectiveness of audio 
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scripts and audio tapes » found that treatmant groups differed signifi- 
cantly in attitude toward the biology course and that the difference 
favored the treatment that had been given first. Hoffman's study 
(1969)^ which Qomparmd the effect of direct and non-direct tapes on 
students' biology achievement, produced a significant shift in the 
attitudes of subjects (in both treatment groups) towards A-T instruction. 

Investigations involving a variety of instructional approaches 
have produced conflicting results concerning students' attitudes toward 
a biology course. Wodtkep Browne Sands * and Fredericks (1967) found no ' 
significant difference in attitude toward CAI when subjects who had 
used scrambled programs were compared with subjects who had used 
traditional programs. Bell (1970) also reported no significant differ- 
ence in attitudes when subjects who had been taught through the lecture 
approach were compared with subjects who had been eKposed to a v^iety 
of instructional approaches that did not include lectuuring. In a study 
which included closed circuit television , Madson (1969) found that 
subjects whose only contact with an instructor was in the laboratory 
had positive attitudes toward laboratories. Madson also found that 
subjects who had been provided with "live lectures" had more positive 
attitudes toward lecturers than subjects who studitd ttoough the use of 
closed circuit television. 

Summary 

Researchers who have compared the audio-tutorial (A-T) approach 
with conventional instruction (Himes and Quick) report attitudes that 
are favorable to the A*T approach. Simon, who compared the effectiveness 
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of audio scripts and audio tapes, found significant differences in the 
attitudes of subjects which favored the instructional method that they 
had used first. Hoffman determined that both direct and non-direct 
audio tapes had a positive effect on the attitudes of subjects toward 
A-T instouction* 

The effect of instructional method on students' attitudes toward 
a course or instructional program has been investigated by Bell; Madsoni 
and Wodtke, Browne Sands , and Fredericks* Bell found no significant 
difference in attitude resulting from subjects' participation in a 
variety of instructional procedures* Similar results were obtained 
by Wodtke's group when subjects using CAI to study programs with 
different inti^nal sequences were compared* Madson- found that subjects 
whose only contact with their instructor was in a laboratory^ had 
positive attitudes toward laboratories and subjects who had been taught 
by "live" lecturers had morm positive attitudes toward lecturers than 
subjects who had studied ttoough the medliafn of closed circuit 
television. 

Student Characteristics As Learning 
Variables 

Many Investigators who have examined p >ssible relationships 
between personality variables and achievCTient have utilized the mediLun 
of Computer Assisted Instruction (CAI). For example, Tobias (1972) 
studied the effects of distraction ^ response mode, and anxiety on the 
achievement of college students who studied heart disease with a CAI 
program. Distraction was in the form of nonsense syllables that were 
periodically flashed on terminal screens. Subjects in the distracted 
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"tt^eatment group were aKpected to Tnemori^e the nonsense syllablei while 
studying the regul^ program. Response modes inoluded reading and 
cQnitructed response (subjoots had to respond overtly by typing a 
message)* Tobias found that subjects who qonstruated responses had 
high anKiety levels and that distraction did not affect achievement. 
Tobias also found that construction of responses led to higher 
achievement. 

In a study that preceded the work of Tobias t O'Niel (1970) also 
found that constructed responses produced high state anxiety. However ^ 
O'Niel did not find significant differences in achievement for 
constructed response and reading response subjects, 0'Niel*s study also 
involved college students who studied heart disease through CAI. 
Because constructed response subjects took almost twice as much tim© 
as reading response subjects to complete the CAI program, O'Niel 
repeated the study with a shorter version of the program* He found, 
that shortening the program did not reduce state anxiety for constructed 
response subjects* 0*Nial concluded that insteuctional time is not the 
critical v^iable for reducing state anxiety or improving achievement* 

The effect of a shortened prop*am on state amciety and achieve-* 
ment has also been investigated by Leherissey, 0*Nlel| Heinrickt and 
Hanson (1971). Subjects were college students who studied heart 
disease through a CAI program. Shortening the program did not reduce 
state anxiety I but did improve the performance of subjects with medium 
level state anxiety* However , the shortened program had a debilitating 
effect on the pwformance of subjects in the high level anxiety group. 

. The relationship between anxiety and dogmatism has been studied 
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by Rappaport (1971). Female college students in a psyehology CQurse 
were assigned to treatment groups on the basis of high or low dogmatism 
and trait anxiety* During the performanoe phase of the study ^ subjects 
used a CAI program to study mathematics. Rappaport found no relation* 
ship between state anKlety and dogmatism. High and low dogmatism 
subjects did not differ in state anKiety during the study* 

Smith (1971) eKamined the relationship between personality 
characteristics and attitudes toward instruction-related variables. 
Subjects were college students who used a CAI program to study behavioral 
objectives. The My^s^-Briggs Personality Type Indicator was used to 
classify subjects in t^ms of EKtraversion-In'te*©version and Sensing- 
Intuition* In addition, subjects were assigned to fow treatment groups 
which wera characterised by different forms of instructional sequence 
control. Control patterns varied ft^om complete program control to 
varying degrees of student control. Smith conoluded that student 
attitude was related to personality aharacteristics t and that Sensing 
subjects had more positive attitudes toward CAI, the CAI program, and 
the content of the CAI program. The positive attitudes of the Sensing 
subjects were most pronounced when they w^e given greater freedom to 
determine the instructional sequence. 

Jalden (1971) attempted to identify student personality 
variables that could be used in the prediction of student success in 
an individualized, multimedia type course. College students in an 
electronics class were p^mitted to select verbal and/or visual 
instructional media. Jelden found that the majority of students viewed 
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learner control in a positive manner » and that high achievers did wall 
with either verbal or visual media* 

Summgry 

Studies by Tobias and O'Niel have produced evidence which 
indicates that the manner in which a student int^acts with a learning 
eKperience is related to state anxiety. The study conducted by Tobias 
also suggests that state anKiety is related to response mode^ and that 
subjects who construct responses have high state anxiety and are 
significantly better on achievement measures than are subjects using 
passiva response modes. O'Niel and Leherissey have both reported that 
shortening an instructional program does not reduce state anxiety* 

In other studies Rappaport found no relationship between 
dogmatiam and state anxiety and STnith reported a relationship between 
student: attitude and a personality ch^acteristic described as "sensing" 
(which was measured with the Myeri^ariggs Personality Type Indicator), 
Snith also reported that the positive attitudes of sensing students 
were mora pronounced when they were given greater freedom in the 
determination of ins^uctional sequences* 

Individualized Instruction 

A traditional and an individualized college physios course have 
been compared by Branson ^ toewer, and Daterline (1971 )• Students at 
the United States Naval Acadamy participated in the experiment* 
Experimental subjects were provided with materials i equipment, and a 
variety of media for "self -paced" Independent study* ExpOTimental 
subjects progressed at their own rates , selacted raatwials and 
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experiences which they preferred | and requested performance maasures. 
Traditional subjects attended lectures and completed laboratory 
exercises* On the basis of results obtained from achievement tests 
and attitude measures the investigators concluded that the individu- 
alized program was at least as good as the traditional courses and that 
the method of instruction was not the critical element in an instruc- 
tional program. 

A study conducted by Friend p Fletchw, and Atkinson (1972) 
included a provision for student control of the instructional sequence. 
College students who studied computer scitnce in a CAI course were 
permitted complete fipeedom in sequencing fifty lessons. Subjects also 
controlled the amount of instruction (they could request additional 
inf ormation) p and review pracedis*es# The investigators reported that 
student success on responses (approximately 6S%) was below the 
anticipated level (75%) i and that subjects rarely used contool options. 

The feasibility of improving students' pOTformance on higher 
level cognitive tasks has been investigated by Wheatley (1972)* 
Subjects were volunte^s from a larger student population eiff*olled in 
an audio-tutorial biology course for college students. All subjects 
studied regular instructional units. In addition, subjects in the 
experifnental group completed activities designed to improve higher level 
cognitive skills, Wheatley found that expwimental subjects who had 
completed at least one half of the special activities had significantly 
higher achievement scores on one of the ttoee unit tests used in the 
study g He also found that experimental subjects outscored control 
subjects on sewal regulcff* course examinations. Wheatley concluded 
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that the parformance of students on higher level cognitive questions 
can be improved by providing appropriate activities. 

A basic primise of Individually Prescribtd Instruction (IPI) 
is that a subject can be arranged in a logical sequence of units which 
can ultimately be mastered* The program, which is for elementary 
school students 5 originated at the Learning Research and Development 
Center at the University of Pittsburgh, On the basis of results from 
diagnostic tests teachers write a "prescription" for individual student 
learning eKperienGes. Students use various combinations of methods and 
materials to complete prescribed activities. 

Although papers that describe the effectiveness of IPI are 
readily available i research reports are not abundant » and results from 
available reports are difficult to interpret. For example, Spinks 
(1972) reported that IPI second graders scored significantly higher on 
mathematics and spelling tests than did students in conventional classes. 
However, when Spinks comp^ed IPI and conventional students at higher 
grade levels (third and fifth), they were not significantly different 
in mathematics, spelling, reading, or study skills* In a similar study 
Johnson and Os-br^mn (1971) found that IPI students had greater achieve- 
ment gains in mathOTatics than did students in ttoee similar schools. 
Johnson and Ostrum also reported that students and teachers had positive 
attitudes toward IPI materials. 

Summary 

Branson, a^ewer, and DetGrline have reported findings which 
suggest that individualized instruction in college physics is at least 
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as efftectlve as traditional instruetion. Subjeets who used CAI to laarn 
computer science in the study condueted by Friend i Fletcher ^ and 
Atkinion did not achieve at a presopibed level and ware reluctant to 
use sequence conwol optioni. Wheatley found that students who were 
provided with appropriate aatlvities developed higher level cognitive 
skills (for one of three eKperitnental instructional units). Studies of 
Individually ft»escribed Instruction conducted by Spinks and Johnson 
and OstrtOT Indicate that the affeetlvensis of IPI my be related to 
grade level. 

Chapter Summaar^y 

Th^e is no overwheljning avidence that tends to either auppwt 
or reject the notion that instructional sequencing is important and/or 
necessary in learning expOTiences. Results of some studies suggest that 
the necessity for a specific Instructional sequence depends on the 
nmtiire of the learning experience* 

Although th^^e are exoeptions to the rule^ studies in which 
learner control of instruction has been compwed with ins'&uctor or 
program control of instruction have produced nonsignificant differences 
in achievement. Many investigators who have compared the effectivenesa 
of conventional and nonconventlonal instructional methods have also 
reported nonsignificant diffwences in achievement. However, it is 
possible to find suppcff^t (or lack of it) for almost any existing 
instructional approach. 

In the area of achievement prediction th^^e seems to be 
reasonable agreement that mathematics and biology aptitude and high 
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school science ^radss are reliable predictors of coll^^ge bioldgy 
achievOTsnt • 

Results of studies in which audio-tutopial (A*T) and conven- 
tional instruction havt been compared suggest that the attitudes of ths 
A-T subjects ware genially raore positive than those of subjects in 
conventional groups* Results ft*om other studies which involved a 
variety of instructional methods are not conclusive. 

Studies of personality factors tlmt have utilised CAI indicate 
that anxiety is related to the role of the student during Instruction , 
and that response mode can influence student achievement* In addition, 
student attitudes (whleh appe^ to be related to pwsonality charactw- 
istics) may be influenced by the amount of freedom provided by the 
instructional progrm* 
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Chapter 3 
PROCEDURES 



Subjects 

Basic Bialogy is offered by the biology department of 
Shippensbwg State College as a general edueation aourse for non^biology 
majors, Eaoh semester it is eleeted by approximately 350 to 500 students 
from a variety of departments within the oollege* Out of the U93 
students enrolled in Basic Biology during the f tost semester of the 
1972-73 academic year 376 were included in the study. 

Treatment- Groups 

Subjects were randomly assigned to groups Ap B| C and D* 
Trea^taents were as follows i 



Group 


Instructional Unit Sequence 


Within-Units Ekj 


Derienae Sequence 


A 


Structure Baaed 


Teacher 


Directed 


B 


Structi^e Based 


Student 


Selected 


C 


Test Determined 


Teacher 


Directed 


D 


Test Determined 


Studant 


Selected 



The Structia^e Based Unit Sequence and Teacher Directed 
Ej^^perience within-unit sequences were determined through the analysis 
of concepts included in the units, A Sequence Test| administered prior 
to the study 1 which measiu:^ed student biology achievefnent for each of the 
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instructionai units ^ was used to establish the Test Determined Unit 
SequoncG. 

Devolopment of the _Smjctlire 
Based Unit ^^^uenee 

Since the Structure Based Ui^it Sequance was to be a sequence of 

iiistructional units 5 each of the five units was examined for concepts 

that Could be used in the estabiishment oS thm sequence. Flow charts 

like the one inoluded in AppandiK A w^ere constructed for this purpose* 

The following wgm&tits were then used as a basis for the developincnt of 

the sequence J 

1. Photosynthesis should precede Respir^atioai The incoirporaticn 
of energy into the bonds of fuel molecules should be considered prior to 
energy release and ATP formation^ 

2, Meiosis and Mitosis should precede Ganetics. An under- 
standing of the basic prlneiplei of meiosis is esaential to the under^ 
standing of important qonoepts of genatios (e.g* variety that results 
from the sexual process^ croising ©veri and recointiii^ation) . 

3* Genetics should preeede Control Mechanisms* An under- 
standing of the relaticnship betifeen chroiiioiQnies ^ DNA^ and genes should 
be developed prior to the atudy of protein synthesis. In other wordij, 
Mendilian ganetioi should precide molecular ganetlca, 

4* Pho to syn thesis and Respiration should preeede Weiosis and 
Mitosis j genetics I and Control Heehaniama* Prccesies vfhich praduca 
energy in living Organisms should be considered prior to processes that 
consume energy. Although it may be difficult to sea the relationship 
bstiireen Heiosis and Hltosla and GenatiGs and ana^gy eone^ption (in th^ 
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specif ic units included in the study), these units are relared to 
Control HQChanisTTis, which does involve energy consumption, by the 
arcurnents included In statements 2 and 3» 

The Structure Based Unit Sequence was as follow^s; 

1, Photosynthesis , 

2, Respiration . 

3, Mitosis and Keiosis. 
Af* Genetics , 

5* Control NechanisTns , 

De\relQpment of the Test Determined 
Unit SoQiiance 

Data for the establishiiient of the Test Dat^mined Unit Sequeiice 
(TDUS) were obtained through the adtninistration of the Sequence Test 
which was desigiied to ineasure subjects- entry level biology achievemeiit* 
The instruiiient vas administered to all subjects prior to iT^a-truction, ' 
Analysis ojf variaTici for a one way design was used to compai^a student 
scores on each of the five scales inoluded in the instrumeiit (each 
scale ripresents an instruotional unit)< Results of the aMlysis are 
shown in Table 1* 

Since the r-ratlo obtained <9S,08) was considerably larger than 
the tabla value (F - 2*37 at the .05 level )5 there was a significant 
difference in the biology achievement of subjects for the five 
instructional \inits included in the iHperiment. The Schefffi procedure 
used to identify aignifiaant differences in the mean scores froin 
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Table 1 

Scale Means and Analysis of Variance Table for Subjects' 



Biology Achievement Scoj^es on the 
of the SeqaGncQ Test 


Five Scales 




Sea 


.le Weans 






^Scale 1 Scale 2 
(n ^ ifr23) (li ^ 423) 


Scale 3 
(n - 


Scale 4 
(n ^ 42&) 


Scale 5 
in ^ 423) 


Meaiis 3*17 3.89 


3,21 


3*92 


5.17 


Analysis 


of Variance 






Sourca of 

Vaiuanae Sum of Square 


Dagrees of 
Freedom 


Mean 
Square 


F Ratia 


Betv/een 

Trealnneiits 1107,49 




276.87 


95*08 


Vithln 

Treatinents 6144.09 


2110 


2.91 




Total 72S1.58 


2114 







F (4, 2110) - 2*37 

Scales represent the folloi^ing siibjaet areas i 

1 i Pho tosynthei is 

2. Respiration 

3. Meiosis and Mitosis 

4. Control Mechanisms 
S« Geneties 
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the five scales. The miiilmum difference (d) between means which could 
be considered significant was calculated as follows : 



d = / 2(k-l) (Tabled F) Ifs^ 



d = / 2(1+) X 2.37 K 2.91 



^23 



d m .36 

d " iniriiTiium difference batween means which is significant * 

k ^ number* of groiips* 
MS^ ^ within groups mean square . 

n - numbar of subjects. 
Mean achievement scores for all subjicts on the five scales of the 
Sequenea Test werei 

1. Genetics 5.17 

2. Control Mechanisms 3.92 
3* Respiration 3*89 
M-i Mitosis and Melosis 3*21 
5 * Photosjrnthesii 3 .17 

The mean achievement score for the Genetics sQala ^as significantly 
greater than the mean scores for the Conwol Menhi "•isms and Respiration 
scales I and the maan scores for the Control Hechanisme and Respiration 
scales were significantly greater than the mean sceres for the Mitosis 
and Meiosls and Photosynthesis scales. These differences were used as 
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the basis for the establishment of a hierarchy of instructional uiiits. 
Since the differences between the mean scores for the ContrQl Hechanisnis 
and Respiration scales and the Mitosis and Meiosis and Photosynthesis 
scales were not significant ^ non-significant differences in inean scores 
were used to establish the positions of these instructional imits in the 
sequence, 

Desjg^n and Assi gnment of Subjects 

The basic model utilized was the 2 k 2 factorial type. It is 
shown in Figure 1. 

ApproKimately 125 subjects were randomly assigned to each of the 
four treatment groups. To ehsura proper impleTnentation of the design 
the 32 station audio-tutorial facility was sectioned into four areas 
each of which included eight student booths* Subjects in all treatment 
groups v/ere provided with specific instructions on how to use available 
materials (see Appendix B), 

Treatments 

TUa experimental phase of the study covered a five weak period 
which begaii on October 9^ 1972, Eaeh week subjects completed an 
independent study session (in the audio -tutorial facility) and attended 
a small group discussion meeting* Prior to the eKperimenti subjects 
completed several basic ins true tional units. In the completion of these 
introductory units ^ they developed skills necessary for effective 
performance in an audio^tutorial type system. 

During the eKperiment subjects in groups A and B followed a 
s'&uctura based sequence of instructional units* As described earlier* ^ 
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Control of Within-^Unit 






Teaoher Diracted 


Student Selected 


InstruGtional 


Structure 
Based 


Group A 
X, Z 


Group B 


Unit Sequence 


Test 
Ditermined 


G^&up C 
X, Y, 2 


Group D 
^ — ^ — ^ — - 



X - Achievement Scores 
Y m Attituda Scores 
Z ^ Ttoa 

Pigurt 1 
Experimeiittl Design 
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this sequence was cJetermined through an analysis of GonGepts included 
in the five instructional units. The Structiire Based Unit Sequence 
(SBUS) was I 

1 . Photosynthesis 

2. Resp^ation 

3. Mitosis and Meiosis 
Genetics 

5. Control Mechanisms 
SubjeGts in groups C and D followed a sequeace of instructional units 
based on results obtained from the administration of the Sequence Test. 
Scores of all subjects were used to arrange the units in a sequenoe that 
progressed from high to low mean sooit^e. The Test Det^mined Unit 
Sequence (TDUS) was: 

1* Genetics 

2. Control Mechanisms 

3. Respiration 

4. Mitosis and Meiosis 

5 . Photosynthei is 

During each of the five weeks of the study the SBUS and TDUS treatment 
groups studied diff^ent instructional units. However ^ during the 
experiment subjects in both groups completed the same basic set of five 
instructional units. For each instructional unit they oompleted the 
same activities (observed films and microasope slides , eKamined 
demonstrations p etc*) and were enposed to ths same basic information. 
However I subjects in groups A and C were required to follow a within- 
unit saqutnce of exptrltnces that was teacher directed # Subjects in 
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groups B and D were permitted to select a within-unit sequence of 
eKperiences, 

Teacher Directed EKperience (TDE) and Student Selected 
Experience (SSE) within-unit sequences represent different ways to 
contool the eKperience sequence within instructional units* Subjects in 
both of these groups were provided with audio tapes , m^Mographed 
scripts (from audio tapes), and all oth^ materials needed to complete 
each instructional unit. However, the tapes > niaterials, etc, for the 
TDE and SSE groups were different. While the basic content for both 
groups was the samBf, tapes for the TDE group included aKperiences 
arranged in a definite sequence and tapes for the SSE group were 
designed so that no specific sequence of eKperiences wai apparent. 
Subjects in the SSE group selected eKperiences by eHamining objectives 
included in a card filei Each card corresponded to a mimeographed 
sheet which included a statement of the objeotivet lists of activities 
related to the objective ^ a numerical index to the section of the audio 
tape that corresponded to the objective ^ and the audio script* 

During the eKperimental periodi weekly diaaussion group meetings 
were used primarily to answer student questions about items included in 
the Independent study sessions* No structured lectTjires were presented. 

Instructional Materials 

The five audio-tutorial instructional units included in the 
study were developed over a tw© year pwiod. The units ineluded 
Photosynthesis s Respiration i Hltosis and Melosia, Genetics ^ and Control 
Hechanisnis, Audio acripta and related laboratOTy aativities developed 
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by SparKs and Nord (1968) served as a starting point in the develop- 
mental phase. The invastigatop and a number of colljagues prepared 
unit objectives J audio tapes ^ visual materials, and laboratory eKeroise 
for the course. Each semester, prior to the study ^ the materials were 
revised on the basis of feedback from students and faculty* 

Following the davelopment of the five hasie instructional units 
within-unit sequences of eKperiencea for subjects in the Teacher 
Directed Experience (TDE) treatmont group viQipn prepared* Corresponding 
Tnatarlals for subjects in the Student Selected EKperience (SSE) 
treatment group were developed by relating experiences and discussion 
to specific objactivee. Audio scripts and tapes were then prepared for 
subjecti in both groups* Sample audio scripts from the unit titled 
Mitosis and Meioais are includM in AppendiK C. 

All materials were tested in a pilot study during the simnier of 
1972 • Results of the pilot study indicated that the materials^ 
following revision, were technically usable. 

Instrumentation 

An entry level biology achievement test (Sequence Test)^ an 
Achievement Posttests and an attitude scale (Student Reaction to Audio- 
Tutorial Basic Biology) wfe^re developed for the study. 

Sequence Test 

This instrument was designed to measure student achievement 
prior to instouctlon* Data obtained from its administration were used 
to establish the Test Determined Unit Sequince* The test was based on 
astablishad unit objectlvts and included fifty multiple choice quest ions 
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(10 items per insti^uetional unit)* The test wan developed by the 
investigator* with assistancu from a nuniber of t.v>ileagues (see AppendiK 
D), administered to several large groups of Ba- Ic Biology students^ 
analyzed and i-'cvised. During the experiment, uata from 203 student 
response sheets were analysed. Results of the analysis are listed 



below* 

Range 0-35 

Mean difficulty of items 38,02 

Kuder-Riehardson 20 reliability 0*59 

Test mean 19.01 

Variance 26,07 

Standard Deviation . S.ll 

Standard error of raeasurement 3*26 



A copy of the Sequence Test and a list of difficulty indices ^ discrimi- 
nation indices j and point-biserial correlations for each question are 
included in Appendix E. 

Achievement Pretest and Posttest 

A posttest was designed to measure achievemeri-;: following 
instruction. It was given to all subjects following the completion of 
the five instructional units. The test was also administered as a 
pretest to one half of the subjects in each treatment group. It 
consisted of 70 multiple choice questions (14 items per instructional 
unit). Items were selicted w written to measure student achievement 
of specific unit objeetives. Sources of test items included Dresael and 
Nelson (1956) and a recant publication ©f the Coimnlssion on Under^aduate 
Education in th© Biological Solences (1967). Original questions were 
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written by the investigator and a number* of biology professors who 
were involved in teaching Basic Biology (see Appendix D)* All test 
items were checked for disGrirnination and reliability by including them 
in x^egular course eKarninations * During a two year period all questions 
were analysed and revised. The test (in its present form) was 
administered to several hundred Basis Biology students in the spring of 
1972. It was also used in a pilot study during the summer of 1972, 
During the eKperunent ^ 113 student response sheets were randomly 
selected for item analysis* Results of the analysis were as follows s 



Range 26-70 

Mean difficulty of items 66.31 

Kuder-Richardaon 20 reliability 0*83 

Test mean 46.42 

Variance 76.10 

Standard Deviation 8*72 

Standard error of measurement 3,50 



A copy of the Achievement Posttest and a list of difficulty indioeSj 
discrimination indices , and point-biserial correlations for each test 
question are included in AppendiK F, 

Attitude Scale 

A Llkert-type scale designed to measure students* attitudes 
toward Audio-Tutorial Basic Biology was developed prior to the study. 
Stating material for the development of tht scale was a similar 
insttument prepi^ed by Galinas (see AppendiK G)» The scales in its 
original form, contained 45 statements. Over a period of approHtoately 
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two yearns, the instrument was administered to several large classes of 
Basic Biology students, analyzed t and revised. Analysis involved the 
determination of diserimination indices as described by Edwards (1957)* 
Tha form that v/r,s eventually used in the study included 25 statements. 

The rsXiability of th« attitude scale was established by 
correlating student Bcores for the odd-even halves of the instrument 
(this approach was used because the available item analysis program 
required specific answers for test items). The value for r was *81* 
l^en r was corrected through application of the Spearman-Brovm Prophecy 
Formula the reliabili^^ of the attitude scale was .89, A copy of the 
Student ReaQtion to Audio^Tutorial Basic Biology is included in 
Appendix H. 

Administi^at jc ni pf Ins trument s 

The design of the experiments with specific reference to 
instrumentation J is shown in Figure 2* 

ApproHimately one half of the subjects in each treatment group 
were randomly selected for a pretest (the Achievement Posttest was used 
as the pretast)* Following the pretest j the Sequence Test v/fui admin*- 
istered to all subjects- The Achievenent Posttest and the StudeiVt 
Reaction to Audio-Tutorial Basic Biology attitude scale were administered 
following the completion of the five instructional units included In the 
study* 
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Dl Ye 

, _Yb KD Ya A.S. 

D2 




As B, and D - Treatment groups. 

Al, B2, ate. One-half ©f a treatment group. 

Yo - Achievement Pratest (Posttast administered to one-half 

of the subjects in each treatment group). 

Yb Sequenee Test. 

XAj XBj XC| XD - Treatments (various aombination of unit and within-unlt 
sequences). 

Ya ■* Aehievement Posttest* 

A.S. - Student Reaotion to Audio-Tutorial Basio Biology 

attitude scale* 



Sequanea for the Administt*ation of Instrwnents 



67 



Analysis of Data 

The following data items were utilised' 

1, Grade point averages, 

2, College Entrance EKMination Board CCEEB) scores. 

3, Sequence Test scores, 

4v "Scores frorn the Achievement Posttest, 

5, Pretagt scores (Achievemerit Posttest used as a pretast). 

6. Scores from Student Reaction to Audio-Tutorial Basic 
Biology attitude scale, 

7* Time required for the completion of individual instruational 

units, 

8, Within-unit eKperienoe sequenceE used by students in groups 

B and D, 

9* Student charaot eristics (aex and college major). 
College Entranoe BKamlnation Board icores and grade point 
averages were obtained from student records. Student chs^'ar -rerlstics 
(seK and major) were taken from available class lists. Time used in 
the completion ©f instructional units was obtained from individual 
student record cards* A sample student record car^' included in 
AppendiK 1. Information concerning wi thin-unit eKperiance sequences 
used by groups B and D was obtained ttoough the use of a check list* 
A sample check list is included in Appendix J. 

Analyels of variance for a one-^way design was used to analyse 
scores obtained through administration of the Sequence Test, All data 
used to test for th© equivalence of treatment groups were analysed with 
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a iiiuitivariats statistical prograni. Data obtained from criterion 
measx^ea were analysed through the %iSi ©f regression analysis and 
multivariate atialysis of v^iaMi. Regressioii analysii ras also used 
to determine the prediattve value of student characteristies on biQlogy 
achie\fOTeiit, The iignificanea of gains in aGhlevanient made by lubj eats 
in aaeh treatment gr*oup was tteted through application of the t-test 
for rapeatad measureis ^/ithin^unit sequences used by SSE subjects vera . 
compared with the seq^uenae usid by sub j act i Lti tha TDE group through 
the use of a apacial program pac^epared by the staff of the oomput^ 
center at Shippeiisburg State College. A check for pretest lensltlMtiDn 
iwolved the \itilizatlon of a one-^way analysis of variance. 

Pilot Study 

A pilot study was conducted during the sununer of 1972* Results 
of that study are summ^iEed below: 

1# For eubjeota in the four treatmeTit groups ^ average scores 
froni the scales of the Sequence Test ▼^ere not aigiitficantly different* 
Since steilar scores Dbtained from a larger group of iubjects (361) 
during the prev^ious acadeniio year signif Icantly different^ it was 

decided that the Test Deterniljied Unit Seguenoe for the pilot study 
VQuld be based on scale mean scores. 

2* Posttest achievement scores signif ioantly different at 

the 0,10 level for subjects in the four ttaatmint groups. Since the 
nujnber of subjio^s in each treatment group was small (6 or T), the 
Kruskal^Wallis te^t was usedi Inspection of group mean scores 
indicated that subjeots in the treataent group that used a structure 
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based unit sequence and student aeltt tion of eKperdences vrithin unitSp 
scored aonsid^ably l^wer* (approKimataly 10 points) -chan siibjeots in 
the other freatraemt groups. 

3* Whin subjecti in the tiaeher directed and student selected 
eKperiencs treatment groups were ooniparid on the basis of average ttae 
devoted to instructional units j it was deternninGd that -the teaeher 
direated group required more time. However, the average time per unit 
for the group was not significantly greater than that for the student " 
selected iKperienae group* 

^* Observations of subjeets and feedback obtained through 
informal discussion sessions with giabjeets indicated that the mater icx^^u; 
developed for the study vers generally aoaeptable, Ixiformation obtair-. 
from the pilot study vas utilized in a revision of materials priop xo 
the tKparimint* 
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Chapter ^ 
RESULrS 

A dascriptien of ei^jectSp ttsti of treatment gMup equiv^alsMe, 
and tasta of specif le hypothtsai ara smmariead in this ohaptar. 

Subjects 

At thm beginning of Semastar I of the 1972-1973 aQademic year 
^^99 students wire enrolled in Basic Biology, Prior to and during thm 
escp^imaiital paricd 33 students dropped the aourge for a variety of 
Masons i Upon completion of tht iKperiineiital phasa of tha course , 
subjects who had bean absent dicing any of the five instruotional unita 
included in the axparimant wars removed froiii tha study* Thirty-^ sev^in 
aubjicts had two or mwe absenQes and thtety-two subj^icts miaaed one 
insWuGtional unit* An additional f if teen suhjacts were randenily 
dropped fron the aKperlment to equal iEt the ntunber of sub j acts in eaoh 
of the treattient groups* The results of statistieal tests, dascribed in 
the remainder of this chapter , are bdsed on 376 subjects who complitad 
all of the instructional units Includid in th€ eHpti^inent- 

Dwing the ramainder of this chaptaFi treatment g^oupa will b« 
dasignated as follows: 
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Treatment Graups 
A 
B 
C 
D 



Instructional 
Unit Sequtnot 

Structure Based (SBUS) 

Structurt Based (SBUS) 

Test Determined (TDUS) 

Test DetOTnlned (TDUS) 



Control of Within-Unit 
EHpepienee Sequenca 

TeaQher DireGted (TDE) 

Student Selected (SSE) 

Teacher Directed (TDE) 

Student Selected (SSE) 



Descr^iption of Sub j acts 

Distribution of SeKes in T^aa^ent Cro u oti 

Of the 375 subjacts included rn ha &tudy, 167 ware males and 

209 .^a females* This ratio was very similar to the ratio for all 
undergraduate students at Shippenaburg State CQllege dii?rlng the first 
semester of the 1972-1973 academic year (1844 mal^s ancj r>DPn fem^aes). 
Three of the four treatment p»oups GMtained mc^^t female sufajcati* The 
number of f^ales p®r treatoant group v^ied Svom a high of 57 or 60*63% 
in Group C to a low of if? or 50,00% in Group B. Malas varied in number 
from or 50*00% in Group B to 39 or 41,^8% in Group The numbers of 
Esales and females per treatfflent group «*e shown in Table 2* 

Table 2 

Distribution of Subjects by Sm 



Males 

Femalei 

Total 



Group A 
50 



Group B 

if? 
if? 
9U 



Group C 

39 
55 
9k 



Group D 

37 
57 

9if 



Total 

167 
209 
376 
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Pistribution of Subjects by ColLega Class 

A large inajoplty of the subjects (319) ware ft»eshmtn. Within 
treatment groups the percentage of ^eshmen ranged fpom a high of 89,36% 
in Group B to a low of 80.85% in Group A. Each of the tyeatment groupi 
included sane upperclassinen. Group B had the smallest number of upper- 
classmen (10) and Group A the Ingest (18). Numbers of subjects 
belonging to each of the four undargraduate clSBSes are listed by 
treatment groupa in Table 3, 



Freslanen 

Sophomores 

Juniors 

Seniors 

Total 



. Table 3 

Distt»ibution of Subjects by College Class 



Group A 



Group B 



Group C 



Group D 



76 
12 
6 
0 

94 



8 
1 
X 
94 



80 
6 
5 
2 

94 



79 
11 
1 
3 
94 



Total 



319 
37 
14 
6 

376 



Distributisn of Subjects by College 
CurriculUTn 

Subjects included in the study were from five broad curricula 
which included Secondary Education, Elementary Education, Arts and 
Sciences, Business Administration, and Library Science. Data describing 
the number of subjects from each of these eujwicula assigned to specific 
trea-bnent groups are included in Tabl# 4. Most of the subjects were an 
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Elementary Edueation (134) and Business AdministMtion (119), The 
smaHest groups of lubjeets were ftQia the fieldi of Library Science (1**) 
and Arts and Sciena^s (32 )* 



Tabic if 

Distribution of Subjects by College CurriQulum 





Group A 


Group B 


Gpoup C 


Group D 


Total 


Secondary 
Educat ion 


1^ 


21. 


25 




77 


Elementary 
Education 


35 


27 


31 


m 




Arts and 
Sciences 


• 

u 


8 


9 




32 


Business 

Adra ini st r at ion 


32 


35 


25 


27 


119 


Library 
Scienoe 


2 


3 




5 




rotal 




m 


m 


94 


376 



High School Scienae Backgrounds 
of Subjects 

The high school biology ^ chOTiatry^ and physics backgrounds of 
all subjects are shown in Table 5. Thrat hundred and seventy^one 
subjects (98,66%) had completed a high school biology coinpsc, 311 
subjects (82,721) had tmken high achssl chmlatryi and 171 sub j tot s 
(445*^7%) had taken high school physioi. 
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Table 5 

High Sehool Scjience Cour^ses Taken by Subjects 

Group A Group B Group C Greup D Total 

Biology 93 93 91 371 

Chemistry .80 78 76 77 311 

Physics 42 53 40 36 171 

Tests off Group Equivalence 

Although subjeets Vfera randomly assigned to four treatment 
groups 3 specific checks for group equiyaleiice were made. Teats were 
based on student soores from the SAT tests oS the College Entrance 
EKaminatlon Board ^ Achievement ft*etest saorts (Achievejnent Posttest 
administered as a pretest), Sequence Test scores^ and grade point 
averages* All scores wcra analyzed with a muLtivariate analysis of 
variance program* Results of these teits are shoim in Table 6, 

Only one of the F-ratios obtained froin multivariate tests was 
significant at the .05 level, TDE and SSE subjects had significantly 
difftrent mean scores on the Achievement Pretest * Several univariate 
tests also produced slgnif leant F^ratics* The TDE and SSE treatment 
groups had significantly different mean scores on the Control Mechanisms 
scale of the Achievement ft^etest and the SAT-Mathematias part of the 
CEEBj and the SBUS and TDUS treatment ^oupa had aignlficantly 
diffearant mean scores on the Genetics scale of the Sequence Test 
(see Tables 7 and 8). Tables which include additioiial tatistical 
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Tabie 6 

Multivariate Analysis of Variance for SAT Scores , 
Saquence Teat SCQres, Grade Point Averages ^ 
and Aehievement Pretest Soores , 
All Treatment Groups 



Source of Variance 


d£ 


F 


F 

(Qritical) 


^SAT Soores, Sequence Test Scores, 


and GPA's 




Unit Sequenee 10, 


353 


0.79 


,1,87 


Within-Unit Experience Sequences 10, 


353 


1.03 


1.87 


Unit Sequenee x Within-Unit 

Experience Sequences 10, 


3B3 


1.25 


1.87 


^Achievement Rretea' 


t Scores 




Unit Sequence 5, 


176 


1.12 


2.27 


Wlthiii-Unit EKperience Sequences 5, 


176 


2.55 


2.27 


Unit Sequenee x Within-Unit 

EKperience Sequences 5, 


176 


1.37 


2,27 


^Based on data from all subjects. 



^ApproKimataly one half of the subjeets in eaah treatment group 
Mre pratested with the Aehievemant Postteat. 
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Table 7 



Analysis of Variance for SAT and Achievement Pretsit 
Scores, TDE and SSE Treatment Groups 



Variable 


MS 


df 


F 


F 

(Critical) 




^CEEB 


Scores 






SAT -Mathematics 


23083,03 


1, 372 


3.84 


3. ait 


SAT-Verbai 


6572,82 


1, 372 


1.16 


3.8tt 


SAT-Total ' 


53882,57 


1» 372 


3.36 


3.84 




^Achievement Pretest Scale 


Scores 




Photosynthesis 


1.39 


1, 180 


0.34 


3.90 


Respiration 


lO.Oit 


1, 180 


3.53 


3,90 


Mitosis and Meiosis 


0.09 


1, 180 


0.02 


3.90 


Genetics 


8.70 


1, 180 


1.96 


3.90 


Control Mechanisms 


18.92 


1, ISO 


6,27 


3.90 



^Based on data fTom all subjeots, 

^Approxiitiately one half of tha stabjeats in each treatment group 
wwe pratisted with the Ach:! i^^e^ant Poattest, 



6** 

tests and means and standard deviations for data used in testing 
treatment group equivalenci are included in Appandix K. 

Table 8 

Analysis of Variance for Sequence Test Scores ^ 
SBUS and TDUS Treatment Groups 



Test Scale 


nS 


of 


F 1, 


F 

.■ :,■ .'cical) 


Photosynthesis 


0.17 


1, 372 


0.08 


3,84 


Respiration 


0.10 


1, 372 


0.04 


3,84 


Mitosis and Meiosis 


3.81* 


1, 372 


1.32 


3.84 


Genetics 


19.67 


1, 372 


5.48 


3.84 


Control Mtchanisms 


O.Oif 


1, 372 


0.01 


3.84 


Test for Pretest Sens 
ftrior to the 


itization 
experiment, 


approxiinately 


one half of the 


subjects 



in each traatniant group wcts pretested with the Achiev^ent pQStt€st# 
To check for pretest sensitization , the mean Achievement Posttest scores 
of prate stad and non*pratested subjects in each treatmant group were 
analyzed through the use of analysis of variance for a one--way daeign* 
Mean achievement scores are listed in T^le 9 and results of the analysii 
of variance test are suDpm^izad in Table 10* The mean achievamant scorei 
of the pretested groups ranged from a high of 47*96 (a»oup C) to a low 
of **4,94 (Group A)# Of the groups that were not pretested. Group B had 
the highest average achievement score (46»46) and Group C the lowest 
(45,83), In tm of tha groups (A and D) the attested groups had lower 
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mean scores on the Achievement Posttest. Simm the comp.;i:ed F-ratio 
(O.itB) was lowep than the table value for F (St 01), there were no 
significant differences in mean achievement acoreSt and the pretest 
did not lensitiie subjects to the Achievement Poattest* 

Table 9 

Mean Poattest Achievement Scores fop K»eteited 
and Non-Pretested Subjects 

Treatment Groups detest No Pretest 

A 44,94 46.21 

B 46.49 46.46 

C ' 47,96 45,83 

D 45,14 46,24 



Table 10 

Analysis of Variance for Achievenient Posttest 
Scores Pratested and Non-Detested Subjects 



Source of Variance 



Between Groups 
Within Treatments 
Total 



SS 



284,64 
32442.95 
35727.59 



df 



7 

368 
375 



MS 



40.66 
88.16 



0.46 



T^Qg (7, 360) ^ 2.01 
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Aohlaye ment Hypoth . • ^ 

HypCitMg-;i^ , . 2* and 3 were designed to test the affeots of 
AiSfeXHtit rjqueme/i of instruetional unite and atudsnt vs. teaeher 
control of ifithin-unit experienoe sequences an the biology achievement 
of subjeotSi They were as follows! 

Hypothesis No. 1 

For college students studying introductory biology In a general 
education oourse taught through the audio-tutorial method ^ the organi- 
zational aaquance of instructional units does not affeot biology 
achievement # 

Hypothesis NOt 2 

For college students studying introductory biology in a general 
education course taught through the audio ^tutorial method^ control 
(student vs. teaeher) of the Eequenoe of . ^^^iences within instructional 
units does not affect biology achievem^^^ - , 

Hypothesis No* 3 

For Qollege students studying introduetory biology in a g^nwtyj 
education course taught ttoough the audio^tutorial method ^ there is no 
interaction between the organizational sequence of instructional units 
and control (student vs. teacher) of the sequence of experiences within 
instructianal units that affects biology achievemsnt. 

Hypothesis No* 4 was used to identify predictors of biolagy 
achievement* It was as follows i 
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Hypothesis NOi 4 

Tqv college etudents studying introductory biolegy in & general 
education coi^se taught through th^ audio^tutarial mgth©d| thera is no 
single charaateristic^ or set of combined QharacteristiQis that will 
reliably pradiet biology aohievemant. 

Praliminary tests of aQhiavement hypotheses were made through 
the use of multiple regression analysis* In an initial statistical 
test 5 total score from the Achievement Posttest was the dependent 
variable and all oth^ variables of the eKpOTlment (scholastic aptitude 
scores 5 grads point average ^ pretest scores, time used In the completion 
of instructional units i instructor ^ treatment group i seX| and college 
major) were designated firee variables* Results of this test are shown 
in Table 11, Most of the variables tested did not cQntribute signifi- 
cantly to the variance in Achievement Posttest scores. Of the 
variables that had significant F-ratioSj only five (grade point average. 

Sequence Test scores SAT-Mathematics scores Instructor No, 8^ and time) 

2 

produced appreciable inOTeases in R . A major proportion (42.3%) of 
the variance in achievement scores was accounted for by grade point 
average i Sequence Test and SAT*Mathematics scores accounted for 5*6% 
and 3 #6% of the variance respectively. Instructor No, 8 and tiine each 
accounted for approximately 1*51 of achievement variance* Collectively 
the five variablee accounted for 5*f»6% of the variance in Achievement 
Posttest scores* 

The relationship of biology achievement^ to the five variables 
that accounted for more than one half of the variance in Achievement 
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Posttest scores was further tested through the determination of 
correlation ••oe.ff icients (see Table 12), With the exception of 
Instructor No* 8^ all r values for the five variables were signifi^iant 
at the ,05 level* Since r for Instructor No, 8 was not significants 
and since grade point average accounted for- a major proportion of the 
variance in Achievement Posttest scores^ an additional multiplG 
regression test was made* The effect of factors such as instructor, 
time J treatment 5 sex, and college major on the variance in Posttest 
Achievement scores was analyEed by forcing these variables into the 
prediction equation* All rf-naining variables were assigned "free** 
status. Results of this tetc are shown in Tabl^ 13, 

None of the instructor variables produced a significant F-ratio 
and all instructors combined accounted for approKlinately 2*3% of the 
variance in Achievement PoEttest scores. Time producad a highly 
significant F-ratio (26.'^ ^ and accounted for appro^ ntaly 8,91 of 
achievement variance. v r*ee of the four trea^ .s entered the 
prediction equation (Grou^ was iKcluded) and none prodwed significant 
F-ratios* Of the six college majors ^ No* 5 (Businass Educatic:t) entered 
firsts and although it produced a significant F-ratio (3*?5), it did not 
contribute greatly to achievement variance. Sex did not produce a 
significant F*ratio or increase appreciably. Variables which had 
been assigned "free" statue (grade point average ^ Sequence Test score ^ 
and SAT-Mathematics score ^ entered the prediction equation after the 
forced variables and assumed the same relative poeitions that they held 
in the first multiple regression test. 

Results obtained ftom "free" and "forced" multiple rt^^ression 
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tests indicated that the variance in Achievement Posttegt scores was 
primarily due to tha influence of a relatively snici^I number of 
variables* These included grade point average. Sequence Test score , 
SAT-^Mathematics score ^ and time. Of these variables, grade point 
average and time accounted for the greatast proportion of achievtinent 
variance (approximately 36. 3?^ to 42,3^u and 1.5% to 8.9% respectively)* 
The prediction equation for grade point average , Sequance Test score t 
and SAT-Mathematics score as combined predictors of biology achievement 
wasi 

Y - 4.30804 t (0*02419 H SAT-Mathematics Score) 
t C0.M0334 X Placement Test Score) + 
(0.77176 K Grade Point Average) 

Additional tests of Kypotheses Ip 2^ and 3 were made by 

utilizing the scores from the five scales of the Achievement Posttest, 

Because tests of group equivalence had revealed significant differences 

in SAT-Mathematics scores and one scale of the Sequence Test, these 

variable were useu as covarlates in a multivariate analysis which 

comD^T*ed the mean biology achievement scores of subjer' the *four 

treatment groups. Although TDE and SSE groups haa sigiuricantly 

different maan scores on one scale of the Achievement Pretest 

(Achievement Posttast used as a pretest), pretest bcqv^ was not used 

as a covarlate* SAT^Mathematics and Sequence Teat scores were used as 

covariates because they correlated significantly with Achievement 

Postteat seores (*H1 and .HU respectively). The r value for the 

relationship between detest and Achievement Posttest scores was .10 

which was not significant at the .05 level. Results of the multivariate 

analysis are shown in Table m. 
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Table m 

Multivariate Analysis of Covarianee for Scores from 
the Achievement Posttest with SAT-Mathematics 



and 


Sequence Test Scores ai 


s Covarlates 




Source 




df 




Unit Sequence 




5, 366 


1*6H 


Within-Unit EKperience 


Sequences 


5, 356 


1,00 


Unit Sequenca h Within 
EKperienoe Sequences 


-Unit 


5, 366 


0.33 



^^.05 ^^^^ " 2.21 



Whan analysis of covariance was used to compare the Achievement 
Posttest scores of subjects in the fowc treatment groups, nu significant 
F-ratios were produced « Treattnent groups did not differ significantly 
in mean biology achievement and there was no significant interaQtion 
between unit sequence and control of wlthin-unit aKperience sequances 
which differentially affected biology achievement. 

Since o^-^. half of the subjects in each treatment group were 
pretested (with the Achievement Posttest) prior to the eKperiment, 
tests for gains in mean biology achievement were made. The t-test 
for repeated measures was used to cOTpare the pretest and posttest 
scOTSs of subjects in each of the four treatment groups « These tests 
are summarized in Table 15, All t values were significant at the *05 
lev^l. The smallest gain (19*98 points) ms made by Group A and the 
largest (22«8§ points) was made by Group D. 
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Table IS 



M^an Pretest and Posttest Biology Aahlevemant ' cgj:ol. 
Gains in Achievement ^ and t Valuas 
for Pretested Subjects 



Treatment Pretest Posttest Achie^^ement 



Group: n Maan Mean Gain t 

A i+7 24,95 44.94 19.98 ^16*11 

3 47 25.26 46*49 21.23 ^21.29 

C 49 23.96 45.14 21,18 ^19.25 

D 46 25.11 47,96 22.85 ^17.16 



^Signif icarit at .05 level. 

On the basis of results obtained from tec utilising multiple 
regression analysis and analysis of varianoap Hypnthases 1, 2^ and 3 
Here mt rejected. Neither the organiMtional sequence of instruc* 
tional units nor control (teacher vs. studant) of within^unit 
experience sequences differentially affected biology achiavement. 
In additions there was no aignificant interaotion between the 
organizational aequanca of instructional units and conttol (student 
vs. teacher ) of the sequence of eKperienaes within initructional units 
that differentially affected biology aahievOTent* 
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On the basis of results obtained fx-om multiple regression 
analysis 5 Hypothesis No, 4 was rejected* Cha^: .^Dttristics which ineluded 
grade point a'arage, Sequence Test and SAT-Ma i!vr;;atics scores, and time 
used in the completion of instructional unit Ft vere reliable predictors 
of biology achievement- 

Attitude HypQth 'v-sis 

Plypothesis No. 5 compared the altitudes of subjects in the 
Teacher Dijpected EKperi^uce and Student SelsGted EKperience groups. 
It was as follows I 

Hypo the sis No, 5 

For college students studying introductory biology in a 

general education course taught through the audio-tutorial method ^ 

control (student vs. teacher) of wi thin-unit eKperience sequences 

does not affect students' attitudes toward the course* 

Following the c^pletion of the last Instructional unit^ the 

Stu?^^ Reaction to Audio-Tutorial Basic Biology attitude scai,^. ms 
administered to all subjects. It was assumed that results obtained 
from the udministration of the attitude scale would be mom ccndid 
if subjects were not asked to identify themselves beyond the treatment 
group level. Raw scores from the attitude scale ranged from 19 to 87 
for TDE subjects p and from 11 to 90 for the SSE group, Ths mean 
attitude score for TDE subjects was 56*23 and the meav) for SSE subjects 
was Sif*71. Ana. j^b of varir^nce was used to compare the mean attitude 
ocores of subjects in the four te'sat^i^'nt groups. None of the F-ratios 
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for main effeets or interaction were significant at the .OS level. 
Results of this test are shown in Table 16* 

Table 16 

Analysis of Variance for Scores from 
Student Reaction to Audio-Tutorial 
Basic Biology Attitude Scale 



Source of Variance SS df 



Unit Sequence 370*00 1 1*98 

Within-Unit EKperience Sequences 231,44 1 1.24 
Unit Sequence x Within-Unit 

Experience Sequences 109*56 1 0.59 

Within Groups 69672.81 372 



(1, 372) - 3.84 

« 05 



Subjects in the SSE and TDE treatment groups did not differ 
significantly in chair attitudes toward Basic Biology, Hypothesis No, 5 
was not rajeeted* Control (student vs. teacher) of the sequence of 
experiences within instructional units did not affect students' 
attitudaa toward the biology cowse* 
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T ime H y potheses 

Hypotheses 6 and 7 were designed to test for significant differ- 
ences in the amount of ttoe used by subjects in the four treatment group 
iVk Cne complatisn of u^^truQtional units. They were as follows- 

Hy pothesis No, 6 

For aoll student studying inteoduotory biology in m general 
education course ::eugai: thrcugh the mudio-tutorial method, the organisa- 
tional sequence of jj * uational units does not affect the amount of 
time required to complete instructional units* 

Hypothesis No> 7 

For collage students studying iawoduotory biology in a general 
education course taught through the audio-tutorial mathcdp control 
(student vs, teacher) of the sequenea of eKperiences within insl^uc- 
tional units does not affect the amount of time raquii?r;d to complete 
instyuci \onal units * 

;ource oi i'^ta uaed in tasting these hypotheses was the 
Student A\ a iu -Tutorial Record Card (see AppfcndiK I)» Muitivariata 
analysis of variance was used to compwe the mean timm used by subjects 
in each of the treatment groups in the expiation of each of the five 
instructional units* The F-ratia obtained when subjects in SBUS and 
TOUS groups were compared was aignif leant at the ,0-^ levrl. Results 
of the multivariate test on ttoe utilisation are shown in Table 17. 

Univ^iate tests used to compare subjects in the SBUS and T!)US 
^oups on the basis ©f tine utili^tion for individuai instructional 
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Table 17 



Multivariste Analysis of Variance for Mean Time 
Used 1:0 Complate Instruotional Units 



Source of Vai'iance 



df 



Unit Sequence 



5, 368 



22.51 



Wlthin-Unit Experience Sequences 



5, 368 



1.76 



Unit Sequence h Within-Unit 
Experience Sequences 



5, 368 



0.77 



^^.05 ^^^^ " ^'^l 

units are shown in Table 18. Three of the five F-ratios were signifi- 
cant at the .05 level. Of these significant differences, two favored 
the TDUS group (Genetics and Oontrol Mechanisnis units), and one 
(Photosynthesis unit) favo'^*>^ rhe SBUS group i 

Although the Tnulti-^r\-^iat€ teat that was used to compare subjiotf^ 
in the IDE and SSE groups o^. hasis of xtm utilized In the complation 
of instructional units was n^r i /wllrieaiu ^ era of £he five univarlata 
testa for those treatment groups produoed F-ratios that were aignificant 
at the .05 level. Resulti of univariata ttsts for individual instrua* 
tional units for TDE and SSE trtatmv, .1: groups are shown in Table 19* 
Subjects in the SSE group usei mare tine than subjaota in the TDE group 
for all of tha five initructional units. SSE subjeots used a signifi* 
oantly gr.iater amount of time than the^ count mparts in the TDE group 
for the Mitosis and Meiosi^^ and Ganatios units. Mean tine used by 
s\4bjeQts in all tr^atmant groups is shown in Table 20* 
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Tdcie 18 

Analysis of Variance for Mean TJjna Usfad to 
Complete Instructional Units, SBUS 4md 
TDUS Treatment Groups 



Instructional Unit 


SS 


df 




Photosynthesis 


46136.19 


1, 372 


22.96 


Respiration 


»*3S0,81 


Ip 372 


2.98 


Meiosis and Mitosis 


4550.19 


1, 372 


• ». 


Genetics 


77237.00 


1, 3?2 




Conti''ol Mechanisms 


28980.50 


1. 372 


10.32 



(1, 372) - 3.84. 



Table IS 

Analysis of Variance for Mean Time Used to 
Complete Inotructional Units ^ TDE and 
SSE Treatinent Groups 



Instructional Unit SS df ap 



Photosynthesis 6315.63 1^ 372 3.14 

Respiration 3271.1? 1, 372 2.24 

Meiosis and Mitosis 7813.31 1, 372 4.31 

Genetics 16449,00 1, 372 4,57 

Control Mechanisms 1357,69 1, 37; 0.49 
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Table ^0 

Msan Time Used to Complete Instructional Units » 
All Treatmeat Groups 



Instructional Unit 


*ssus 


^TDUS 


^TDE 


^SSE 


Photosynthasis 


«137,01 


114.86 


121.84 


130.03 


Respiration 


110.60 


103.79 


104.24 


110.14 


Meiosis and Mitosis 


118.62 


111.66 


110.58 


119.70 


Genetics 


131.99 


160.65 


139.70 


152.94 


Control MechanisTiis 


119.04 


136.60 


125.91 


129,72 



' structure Based Unit SequenGe* 
^Teft Detarminati Unit Sequence, 
^Taacher Direct ad EKpftriance* 
^Swudent Selectad EHperiance, 
®Tinis in minutas. 



Bacausa average time used in the completion of instructional 
units was positively related to grade point avex^ag^ * 0.279), and 
achievemant (r ^ 0*256)^ additional teats on high and low grade point 
average subjects w^a mada* Curralation coefficiants which show the 
way in which ttoe relates to biology aGhievanent and grade point avei^age 
for high and low grade point average subjects in each of the four 
toeatment groups are shown in Table 21 » 

Whan the relationship between tima and achievement was tested, 
cot^alation coeffiaients werei with the excaption of Group positive 
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Table 21 

Correlation Coefficients for Timb vs, Achievement 
and Grade Point Average for High and Lovr 
Grade Point Average Subjects 



Groxip 


High 

Grade Point Average 


n Grade 


Lovr 

Point Aves^age 


n 




Time 


vs. Achieveinent 






A 






^2 


0,15 




B 


0, 22 




39 


0*15 


43 


C 


0.19 




1^2 


0.09 


46 


D 


0.19 




55 


-0*20 


3S 




Time vs. 


Grade 


Point Average 






A 






42 


0* OS 


H2 


B 






39 


^0.43 


HZ 


C 


0.03 




42 


-0*03 


H6 


D 






55 


0.11 


35 



SigiiiJicant at the .05 level* 
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^nd higher for high grade point average subjects. In Group D, th^ ^/oIug 
for r was 0,19 for th^ high grade point av^erags group and '-*20 for the 
lov/ grade point a^^eraga subjectSi 

The relationship between grade paint average and time varied 
considerably in thi3 four ti-^eatmant groups* In Groups A and D all r 
vaiuea were positive and favored the higZi fp-adQ point average subjects* 
In Group B both values of r warn positive and favored the low grade 
poirit average subjects^ and in Group C the v^alue for r ranged from xow 
positive, for high grade point average subjects 3 to low ntgative for 
low grade point average subjects. In al\ treatment groups tha high 
grade point average subjects used a greate::^ amount of time to complete 
instructional units. Time data arfn sumTnariEed in Table 22, Tbe greatest 
time difference occurred in Group B and the smallest in Group C. 



Traatment 
Group 



Table 22 

Mean Time per Instruct ioiia I Unit.j High vs. 
Low Grade Point Average Subjects 



Hi.gh 

Grade Point Average 



Low 

Grade Point Average High-^Low 



A 
B 
C 

D 



^126.26 
1^0. 02 
lis. 36 
13 9. 98 



106,71 
118.78 



19.55 
27. 28 
00. 58 



"Time in miiiutes • 



98 



85 

HigV .j:rade point averag-^ subjects outscored low grade point 
averegi subjacts on the Achie\rerr.eiit Posttest* The greatest differences 
batwcan high and low gradci point average subjects <I1 poiTits ) occurred 
in Groi^ps A and B-^. and thm smallest differance was found in Group D 

(3 p o i n Li J ) 6 'i' i c .^ ^ ti 1" u 1 4? £ su ^ iii 2 '-.iiC ^ n Ta b X g 2 3 ^ 

Table 23 

Mean Scores from the Biology Achievement Posttest, 
High vs* Low Grade Point Average Subjects 



nr.gh Low 
Grade Point Average Grade Point Average High-Low 

A 51 

3 52 

C 30 

Z 50 



TreatiuQnt 
Group 



40 
41 

m 

42 



11 
11 
9 
S 



On the basis of results obtained from multivariate tests whieh 
Gompared subjects in all treatment groups on tima used to complete 
instructional units, Hypotheses 6 and 7 ware rejected. Both the 
organizational sequence of insti*nctional units and control (student vs# 
teacher) of within-unit ©Kp^.^'ence saquences significantly affected the 
amount of time used by subjects in the completion of insttuctional units* 

Seq^uence Hypothesis 

Hypothesis No. 8 was designed to compare the within-unit 
eKperience sequences used by subjects in the Student Selected EKperience 
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gr^DUp mxh sequences utilized by Teacher DireGted Ex;-^erien^e subjects* 
It v£-S ac follovrs: 

ilypothesls i^o> 8 

For college students stujfing biolDg)^ a r;-^neral education 
course taught through ^he audio -tutorial methoc^ sf^quencos of expc-ri- 
ences within specific instruc-cional units that ar. e selected by students > 
v/ill not be similar to teacher directed sequences fur^ chose saTne units* 

During the CDmpletioTi of each instruatioml unit ^ within-unit 
eKpGriance sequences used by suhjects in the SSE treatment gr^oup were 
recorded on a check List like the one ineLudad in AppendiK J, A special 
computer program was used to comp^To subjects^ sequences with sequences 
prfeseribed for subjects in the TDE treatment group. Each student 
sequence was first eKaminad for all possible two digit sequenaes 
included in the ''key*' sequence. One point was a^warded for each two 
digit sequence included » regardless of its position in the total 
sequence* Sequences were neKt exaniined for three digit sequences and 
awarded two points for each, Four digit sequences were assigned three 
pointSf etc. Thus ^ for each student sequence, a total snore was 
calcuaatad. High student scores indicated a sequence that was similar 
or identical to the "Key'' or TDE sequence. 

It was arbitrarily decided that a student sequence would be 
considered sirnilffl? to the key if it had at least one-half of the items 
in the key sequema^ Thii required a total score of approKimately 10 
to 12 points (the number of items per aequance in different units 
varied fnom 9 to 11). Sequences with scores around 10 were individually 
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compared with the key sequenca and a docision concerning similarity was 
made. The numbers of idantical and similar sequences for SSC groups 
are shown in Table 24. Only one of the 10 groups produced si^nilar 
sequences at a level beyord 5% of the total. The SBUS group had four 
identical and three similar sequences on the Genetics unit for a 7,45 
pc^rcentage. Thta number of similar sequences varied from zero for the 
Respiration unit to seven for the Geneti'ss unit. In all there ware 15 
similar sequences out of a total of 940 examined, 

A further test was made to try to determine the oasis for 
student sequencing. In this test the key sequence was the randcin 
sequence of objectives on check lists (see AppendiH J) that subjects 
Goinpleted with each instructional unit (subjicts were warned that the 
sequences on the check lists were random). Results of the test are 
shown in Table 25, In all but one of the treatraent groups more than 
5% of the subjects used the random sequences from the check lists. 
Percentages ranged from a low of 4,26% (SBUS group, Meiosis and ^IitDsis 
unit) to a high of 19,15% (TDUS group. Genetics unit)* Out of the 9H0 
sequences eKaminedj 66 were identical and 50 similar to a key based on 
the random eKperience sequences from the check lists* 

Hypothesis No. 8 was not rejected. Subjects who were perinitted 
to select within-unit eKperience sequences did not select sequenaes 
similar to those prescribed for the TDE group* 
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rable 2 if 

NuTnber of Within-Unit Experience Saquences Selected by 
Student Selected Experience Subjects That Ware 
Identical Or Siniilar to Teacher Directed 
EKperience Within=-Unit Sequences 



-.^ -r. - - - " ^ 

Instructional 
Unit 


n 


laent ical 
Sequences 


Similar 
Sequences 


Identical 
+ Similar 


% of 
Total 


Photosynthesis 












onu o 


9h 


0 




2 


2,13 


1 UU h 




ft 
0 


0 


0 


0* 00 


Raspirat ion 














Oil 


u 


rs 
U 


0 


U I ou 


1 UU Si 


OL. 


U 


U 


0 


□ .00 














SBUS 




0 


0 


0 


0.00 


TDUS 


9U 


0 


2 


2 


2.13 


Genetics 












SBUS 




1» 


3 


7 


7. US 


TDUS 




0 


0 


0 


0.00 


Control MtchanisTns 












SBUS 




0 


1 


1 


1.07 


TDUS 


94 


0 


3 


3 


3.20 



Total 



940 



11 



IS 



1.60 
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Table 25 

Nuniber of Within="Unit Expet^ience Sequences Selected by 
Subjects in the Student Selected Experience Group 
That Were Identical Or Similar to the Random 
Sequences from Check Lists 



^ its t- ^ ^ i ^ 

Unit 


n 


Sequences 


sxin j.j^or 
Sequences 


+ Similar 


0 or 
Total 


Pho t o s y nt ho s i s 












SBUS 


94 


9 


5 


14 


14*90 


TDUS 


9^ 


8 


7 


15 




Respiration 












SBUS 


94 




3 


7 


7.45 


TDUS 


94 


g 


3 


12 


12,77 


Meiosis and Mitosis 












SBUS 


gif 


2 


2 




4 96 


TDUS 


94 


5 


6 


11 


11.71 


Genetics 












SBUS 


9^ 


4 


7 


11 


11.71 


TDUS 


94 


11 


7 


18 


19,15 


Control Miehanisms 












SBUS 


94 


9 


5 


14 


14.90 


TDUS 


94 


5 


5 


10 


10.64 


Total 


940 


66 


50 


116 


12. 3« 
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Chapter Summa T^y 

Results from statistical tests we^© as follows* 
1* Achiavenieiit Hypotheses - treatment groups did not differ 
significantly in biology dchievement on any of the five scales of the 
Achievement Posttest. There was no significant interaction batvaen 
instructional unit sequence and within^unit eKperience seq^uences which 
differentially affected biology achievement* 

2. Attitude Hypothesis - subjects ^ho followed a teacher 
directed sequence of within-unlt eHperiencea and subjects vrho selected 
within=unit experience sequences did not differ significantly in their 
attitudes toward audio-tutorial biology^ 

3, Time Hypotheses ~ significant differences in time used to 
complete instructional units were found* Of these differences two 
favored the TDUS group and one favored th% SBUS group. SSE subjects 
used significantly more tme than did TDE subjects in the cDinpletion 
of two instructional units. 

Sequence Hypothesis ^ subjects who selected within ^unit 
aKperience sequences (SSE weatment group) did not select seqiiinces 
similar to those prescribed for TDE subjeota. 
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Chapter 5 

DISCUSSION, CONCLUSIONS » AW RECOMMENDATIONS 

Achievamant Hypotheses 

Hypothesis 1, 2^ and 3 tested the effects of different sequences 
of instructional units and within-unit eHpei^ienae sequences on biology 
achievement as measupad by the Achieveiiient P^sgttest* Hypothesis No, ^ 
was dasigned to identify prediotors of biology aohievamenti, They were 
as follows I 

Hypothesis No* 1 

For college students studying introductory biology in a general 
education course taught through the audio -^t^torial method ^ the organi* 
Eational sequence of instructional unita do^s not affect biology 
achievement. 

Hypothesis No. 2 

For college students studying introductory biology in a general 
education course taught through the audio^tyMrial method s control 
(si'udent vs. teacher) of the sequence of e^pwiences within Instruc-* 
tional units does not affect biology achievirflant . 

Hypothesis No, 3 

For college students studying introductory biology in a general 
education course taught through the audio -tutorial method, there is no 
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interaction betwaen the organisational sequence of instructional units 
and control (student vs* teacher) of the sequence of experienees within 
instructional units that affects biology achievement* 

j-Iypothesis No. ^ 

For college students studying introductory biology in a general 
education course taught through the audio-tutorial method ^ there is no 
single charactaristic J or set of characteristics^ that will reliably 
predict biology achievement. 

Data used in testing these hypotheses were obtained from the 
five scales of the Achievt^ment Posttest and student records* Statistical 
tests included multiple regression analysis and iiiultivariate analysis of 
variance. On the basis of results obtained ^ Hypotheses 1, 2, and 3 were 
not rejected. Since a number of predictors of biology achievement were 
identified, Hypothesis No, H was rejected. 

Discussion of Achievement Hypotheses 

Most of the variance in scores from the Achievement Posttest was 
accounted for by factors that included grade point average. Sequence 
Test score ^ SAT-Mathemat ios scores and time used to complete instruc- 
tional units. Treatments did not contribute significantly to the 
variance in Achievement Posttest scores. However, pretested subjects 
in all treatment groups made highly significant gains in mean biology 
achievement J and subjects with high grade point mverages in all treat- 
ment groups used the Instructional method, to which they ware assigned, 
more effectively than subjects with low grade point averages. 

Thusp it appears that structure based and test determined unit 
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sequences were equally effective in the promotion of student achieve- 
ment. In other words ^ the five instructional units (Control Mechanisms ^ 
Genetics, Meiosis and Mitosis, Photosynthesis , and Respiration) can 
apparently be put into a sequence that is based on scores from an 
achievement prGtests or the units can be sequenced according to the 
^.tructure of biology (units that include concepts that are necessarily 
prerequisite to other units are sequenced on that basis) 5 without 
sacrificing effectiveness as maasured by a biology achievement test* 
It might vary well ba true that in courses similar to Basic 
Biology, unit sequences are not very important* Briggs (1967 18) has 
suggested that " , , , a 'logical* outline or 'structure' may be 
entirely useful for the professional to coTmnunicate with another about 
matters which they both understand ^ but useless in guiding a student*" 
Briggs further claims that courses can be classified on the basis of 
internal structure^ Categories includes (1) flat^ (2) vertical, 
(3) hierarchical J and (4) mined (some combination of 1, 2, and 3)* Flat 
courses are described as courses in which sequence is unimportant * It 
could be that Basic Biology belongs in the "flat'* category* 

Teacher and student control of within-unit eKperience sequences 
seem to be equally effective in the promotion of biology achievement. 
High grade point average subjects in both the Teach^ Directed 
EKperience group and the Student Selected Experience group used the 
control method, to which they were assigned, more effeetively than low 
grade point average subjects, Rtsults obtained ^e in agreement with 
those obtained by Stavick (1971)^ Campbell and Chapman (1967 )| Olsen 
(19S7)i Brown (1966); Rainey (1955); and Hovey, Gruberp and Terrill 
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(1953). All of these studies compared instructioii that was teacher 

controlled with various types of student coTitrQilad instruction. 

Results obtained by Mager and HcCann (1961); Judd , Bunder sorij aiid 

Bessent (1970); and Oliver (1971) are not in agreer^eiit with those 

obtained in the experiment. Although Hagar and McCann did not report 

statistical evidence^ they described learnej^ contrO'l r^^^-^jects as beliig 

as good as, or better than, students studying in t^egular classes. 

Judd*s group found that learner control subjects were signlf icaiitly 

batter on the achievement test for one instructional unit. Oliver^ 

on the other hand, found that learner control sabjects did poorly on a 

criterion measure* 

Results obtained in the present study und saveral of those cited 

above suggest that programs which provide for learner control of 

instructional sequences ai e as effective in the ppomotion of student 

achievement as prograins in which instructigml siquences are controlled 

by the instructor. This idea is described in a slightly different way 

by Campbell and Chapman (1967:130)* 

If students directing their own learning am achieve at 
the same academic level as students following the best prograra 
we can devise for them, perhaps we should not invest so much 
time in arranging the ekact format of instruct ioft, but rather 
in other areas of need such as clarifying objectives ^ 
Improving the basic content elements of instruction and the 
means of evaluating progress * and motivating laarners, 

Mager and McCann (196ia7) have suggested that instruction 

which is rigidly patterned may aotually inhibit leataing , 

. , . the ever present instructor who tightly Qontrols 
the curriculum and its sequencing may ev^en constitute a 
significant hindrance in the path of the laara^s ' progreis. 

In another pa of thato report Magtr and McCann iiiggest that a teach^ 
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controlled sequence ©f instruction does no-t take into consideration what 
the learner already knowa and thus preveiits the emission ©f a^gnienta of 
insti>uation that have been previously mastered* 

While the present study did mt attimpt to relate vario\iS 
p^sonality oharacttristies to achievement, peaults of the investigatiofi 
Qonducted by &iith (1971) auggest that such faateri should be taken into 
consideration in the assigiment of students to instruetional pragrams 
vrith v^arying degrees cf structure and student aontrol. Sinee subjects 
in the present study "were randomly assigned to treatment groups i 
:yiiportant personaXity faoters should ha^e been unifomly distributed 
in each of the groups , Such an ^rangement would tend to cancel out 
any influence that personality characteristic a may have had on the 
achiavement cf subjects in each of the four treatment groups. 

Although the instructional methods used in the present investi* 
gaticn did not inalude programmed iiistruoticA ^ results obtained oii the 
Achievement Posttest vere within the range of acceptable success levels 
for many types of prograniined materials. The mean achievement scora 
for all subjects w^aa M6.12 (cut of a possible 70 points on the Achieve- 
msnt Postttst) , and 50*70 for high grade f^int average subjects* On a 
percentage basis these scores represent success levels of 65,88% for 
all subjects and 7 2.i^2l for high grade ^int average eubjects* This 
provides further support for the eff eetivenees of all of the treatments 
as methods of inatruction . 

In the present study the prediction of achievement for aollege 
students in introductory biology courses most effective >^hen grade 
point average, S€4uencg Test icora, SAT'-Nathsmatics score, and time 
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(use4 to aemplite instructional units) w«*e used as prtdictors* ^ha 
best single predictor of biology achievement was grade poiiit averaga. 
Thes€ findings are in aeeord v/ith those of Meleca (1968) who reported 
that biology and niatheMtici aptitude were good prediators ef ilology 
achievrimenti and Sherrill and Druger (1971) who fouM a positive 
t*elati :nship between mathematics aptitude and biology aahiavement. 

Summary for^ Achieyement Hypotheses 

Data of the eKperiment supported Hypotheiei 1, 2, aiid 3. The 
organiEatlDnal sequence of instruct isnal units ^ and eontrol (student vs* 
teacher) of within-unit eKperlenoe sequenQes did not have a differential 
affect on biology achievemaiit , There was no interaction between the 
organizational sequence of Instruatlonal units and control Cstudent vsm 
teacher) of wi thin-unit eKperiance sequtnois which differentially 
affected biology aohievenientt 

Data of the sxpwiment did not support Hypothesis Ko, 4-* Grade 
poiiit av^age. Sequence Test acors, SAT-Nathematici scQra, and time 
(used to complate instructional uniti) w^e reliable predictors of 
biology achievenant. 

Attitude Hypothesis 

Follovlng the eoniplatioTi of the flv# insttuatioml units of 
the escpiriiiient s th^ Student Reaction to Audio -Tutorial BasiQ Biology 
attitude scale was administ»ed to all subjeets. Hypothesis No, 5 was 
designed to comp^e the mean attitude scores of subjects in the reaaher 
Directid E^pirienoa and Studfnt Selected Exp^ienoe groups. It was as 
f Dllows I 
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Hypathssis Ho. 5 

For college studtBts studying introductory bioiogy in a geiierai 
education coi»se taught through the audio-tutorial nethod, control 
(student vs. teacher) of the saquence of experiences wathln instruc- 
tional uijits does not affect students' attitudes toward the course- 

Wheii analysis of variance was used to compare the mmm attitude 
scores of suijects in the TDE and SSE groups, a significant difference 
was not found. Hypothesis No. 5 was not rejected. 

Discussion of Attitude Hypothesis 

Student and teacher control of within-uiiit ejcpwi.,nee ie^veiices 
appear to be equally effectiva in terms of their influeliee on students' 
attitudes toward intreductory biology tauiht through the audio-tutoriaL 
approach. Results obtained for Hypothesis No. 5 v^e in agr.ement with 
those obtained by Wodtke (1967). Wodtke found no signifioant dlffereiice 
in sub jecti ' attitydts toward computer assisted initruction when the 
attitudes of subjects who had studied mathematies and science th*oush 
the use of seranibled ^ograms were compared with those of control 
subjects who used standard, logically sequenced progranis, 

Results obtained for Hypothesis No. 5 were not in agreeinent vith 
those obtainid hy Sniith (1971). Snith found a significant relationship 
between a personality characteristic described as "sensing" and subjects' 
attitudes toward CAI. a specific CAl program, and the content of the QAl 
program. Smith also found that the positive attitudes of "sensing" 
subjects were more pronounced when they were given more control of the 
instructional sequence. 
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In aiiQther stud/ Jelden (1971) fo^ad that oollegt students 
who studied eltctroiiics in a multiinedia pX'Oiraiii viewed Itarnex* coiit]?ol 
of initruetion in a pDsitiva manner. 

Sur^inary for Attitude Hypothesis 

Data of the eKp^rlment supported Kypothesia No, 5. Control 
(stxident vs. tiaoher) of within-unit eMperienca sequanaes did not havt 
a differential effect on students* attitudaa toward inteoduetory biolofyg 

Time H ypothesei 

Hy^theses 6 and 7 tested the effeat of different seqiiences of 
instrwtional units and within-unit eKperiaiiQa iequeneei on the amount 
cf tiina used to c©mpliti instructional unit^. They ware ai follows i 

Gsis N^Op 6 



For Gollegi students studying intr^oductory biology in a general 
education courie taught tJnrough the audlo^tiitorial method ^ the organ!* 
national sequenee of instruotional units does not affeot the amount of 
time x^equired to GOTpIet© instructional units * 

esis NOp 7 



EKLC 



For eollegi itudents studying Introductory biolegy in a general 
education cours# taught through the audio^tutorial method | oontrol 
Citudent ve* teacher) of the sequenee of eKpirleiiees within instruc- 
tional units d©is not affeot the amount of tmm requtoed to QOrnplete 
instruotional units. 

Data used in testing these hypothaiai v#ere obtained from student 
Audio-Tutorial Record Cards* For both of the time hypotheses 
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significant differences in niean time used to complete instruQtional 
units vere found foT ttu'ee of the fi^^e instructional units. Kypotheses 
6 and 7 were rejected* 

Discussion of Tm% Hypotheses 

Subjects in the Test Bete^mined Unit Sequence group used 
significantly more time than did suljects in the Struoture Based Unit 
Sequence group for the Genetics and Control Mechanisms units, SBUS 
subjects used significantly more time to eomplete the Photosynthesis 
unit* Beth groups (TDUS and SBUS) took significantly more time to 
complete the units or units* vhich were encountered first (SBUS aiibjects 
started vith Photosynthesis and TDUS subjeccs started with Genetics). 
The differences could have bten a result of subjects- lack of 
faTnillarity with experimental procediuras. However ^ SBUS and TDUS 
suhjects completed several audio-tutorial units prior to the study, 
and both groups included a Teach^ Directed EHptrience group vhich used 
procedures that were very similar to those used in preltainary units* 
Thus the time differences for TDUS and SBUS subjects on initial 
instruational units could have resulted from the sequencing activity 
of SSE subjects. As the SSE subjects becaitie more proficient in 
establiihing within-^unit sequences , they apparently used less time for 
instructional units and uima differences between TDUS and SBUS groups 
becMie nonsignificant. 

Subjects in the group that selected within^unit sequences of 
expwieiices took significantly more time to complete two of the five 
instructional unita (Mitosis and Meiosis, and Genetics), It seems 
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likely that the additlDnal time Used by subjects in the Student 
Selected EHperienee (SSE) group was eKpended in establishing a sequence , 
sines it was necessary for SSE subjects to eHainine objectivai and 
mat»ials prior to the aatual completion of activities. If this is 
the correct eKplanation for the differenees, then permitting subjects 
to select within-unit sequenaes vfculd off» no real advantage (since 
the SSE group was not significantly better than the TDB group in 
achievenient or in attitude toward the cowse). Hoi^everj if it can be 
shovfn that there is ionie other ImpDrtant efftot that results from the 
utilization of additional tiine Csueh as bett^ retention or understanding 
which might ©ccw if the time is being used iat Qognitive atructuring ) ^ 
then student selection of eKp^ienae sequences wuld be justified. 

In every treatment group the high grada point average subjects 
used more time in the completion of instructionai units than low grade 
point dverage subjectSi It seems that high grade point average subjects 
were mora conscientious or more highly motivated than were the low grade 
point average subjects. This finding is in agreamant with conclusions 
reached by Subin and T^aveggia (19B8) in a review of research studies 
that compared the effectiveness of different methodi of instruction. 
They concluded that no particular method of collega inswuctlon was 
more effective in terms of eKamination parformancep and that time 
spent in study did contribute to improved gradis. 

Findings of the present stuG/ were inconiistent with those 
obtained by Judd, Bunderioni and Bessent (1970 )g who reported no 
significant difference in time for treattient groups in which subjects 
wart glv^tn ^ifftrant counts of control of a mathematics program. On 
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the other hand, Newton and Hickey (1945) fourid that the amount of tijiie 
subjects used in the completion of an economiGs program was related t© 
the sequence of subconoepts in the program. Mager and McCann (1961) 
reported a very significant reduction in time for subjects participating 
in a learner control prograin for enginaars. 

Summary for the Time Hypotheses 

Data of the exp^ijiient did not siippor . Hypotheses 6 and ?, 
The organisational eequenoe of instructional units, and the control 
{student vs, teacher) of wi thin-unit eKperience sequences did influenGt 
the amount of time used hy subjects in the completion of instructional 
units t 

Sequence Hypothe sis 

Hypotheiis No. 8 was designed to compare the iimilarities of 
within-unit experience sequences salicted by subjects in the Student 
Selected EKparience group with the sequence used by Teacher D^ected 
Experience subjects. It was as follows; 

Hypothesis No. 8 

For college students studying introductory biology in a general 
education course taught ttoough the audio-tutorial method, sequenoes of 
experiences within specific instructional units i that are selected by 
students s will not be similar to teacher directed sequences for those 
sarae units* 

Data used in testing this hypothesis were obtained from chicle 
lists completed by subjects during each audio-tutorial session. Out of 
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9^0 sequances selected by subjects ^ only 15 were identical or similar to 
teacher directed sequencea. The largest nt^ber of simile sequenGes 
prodacad by subjects for a specific unit was seven* Hypothesis No, 8 
was not rejected. 

Discussion of Sequence Hypothesis 

When eubjeets in the Student Selected Exparlence group were 
permitted to seleot within-unit experience sequences^ they did not 
select sequences which were similar to those used by subjects in the 
Teacher Directed Experience group. However ^ the sequences which were 
selected did not have a particularly detrimental effect on the achieve- 
ment or attitudes of SSE subjects (mean achievement and attitude scores 
of SSE and TDE groups were not significantly different), 

pgrhaps the lack of similarity between student selected and 
instructor prescribed sequences was due to the fact that students and 
instructors sequence exp^iences in totally different vrtys. Instructor 
sequeaci^ng is based on a reasonably complete picture of the subject 
area. Student sequencing is probably related to a variety of unknown 
factors. 

It is also possible thatp in any group of students ^ some will 
not want to sequence experiences. Friend , Fletcher ^ and Atkinson 
(1972) have reported that studtnti who studied computer science ttoough 
use of a CAI program which permitted them to control the instructional 
sequence j the actual amount of instructions and review procedures were 
reluctant to use control options. The fact that many subjects in the 
present study used a random eKp^ienee sequence ^ aftei? being warned 
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that check list sequinGes were random ^ is an indication that some 
students have little desire to structure their learning eHperieneas. 

Mager (1961) reported that subjects studying electronioi in a 
learner control prograifi used sequences that were similar to those of 
other subjeatSi but considerably different from those used by Instruc- 
tors in cowtntional eourses. He ©bsarved that subjects, with freedom 
to select a sequence of eKperienceS| progressed from a simple whole to 
a more compleK v^hele , or from the general to the specific. Mager 
concluded that content sequences that are really ineanlngful to learners 
are differeiit fTom those that the instructors use* 

Summary for Se ouence Hypothesis 

Data of the ejcperiment supported Hypothesis No* 8, Sequences 
of within-unit experiences selected by students were not similar to 
sequences prescribed by an instructor* for thoie same instructional 
units. 

Conclusions 

1. Sinre different unit sequences did not have a differential 
effect on biology achievement or subjects' attitudes toward the course » 
the approach to sequencing Instructional units (Photosyntheils i 
Haspiratloni Mitosis and MeioslSi Genetics i and Control Mechanisms) 

in college introductory biology cowses should be based on initructor 
and/or student preference, 

2. If instructor tine is limited ^ students in college 
introductory biology coia^ses should be permitted to devise within-unit 
eKperlenca aequiiiaes* 
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3. If a major goal of an inswuctional program is efficiemy 
(maximum student learning in a minimum of ingtructional time), the 
within-unit sequences £ov college introductory biology courses ahould 
be teacher dij^ected* 

4, Factors which include grade poin-c averages score from an 
entry level biology achievOTent testj and SAr-Mathematics score should 
be used in the advisement of college students seeking enrolltinent in 
introductory biology courses* 

5p Since all of the various conibinatlons of instruotional 
unit sequences and control forms (for within^unit experience sequences) 
were effective in the enhancement of students* biology achievement^ 
they should all be considered acceptable as methods of biology instruc- 
tion for students similar to those included in the ej<perijnent* 

6. Because students with high grad© point averages achieved 
at a much higher level than did low grada point average students (in 
all treatment groups )s the instructional methods repreiented by the 
four treatments should be considered tspeci^lly effective and desirable 
for use with high grade point average studsJitS'. 

Reconimendations for Further Study 

1. A study in which individual stuieMs are permitted to select 
instructional unit sequencei should be conducted^ The study would be 
technically complex ^ but could be conducted If treatment groups vera 
kept ^all. If objectives w^e carefully structured, the achievement 
and attitudes of subjects could be c^pared with those of subjects 
following an instructor prescribed sequence of units. 



118 



105 

2, The present study should be repta^ed with an gntirely 
different group of subjeats. Many studies that have tested the effects 
of various instruetional methods on students* attitudes and aahievement 
have utilized students in general education courses as subjects. 
Results obtained in these studies should be Mtnpared with those 
obtained from simili^ studies involving upp^^lavel coia^ses for students 
majoring in specif ie areas. The i^esent ^tudjf eould be repeated using 
students in General Zoology or General Botany subjects. 

3. Additional studies in which studej^ts are permitted to select 
sequences of eKparienets are needed. An attenipt should be made to 
determine the basis for student selected aeque^icts. This information 
would be useful in the development of more mff^ctivm instructional 
programs. Since a great many studiei that h#Vi compared learner control 
with teacher or program control on the basis of students' achieveinent 
have reported nonsignificant differences^ a g^^ch for other more 
sensitive dependant variables should be made* 

if. Valuable information for the individualization of biology 
instruction might be obtained from a study o£ iearnw control in which 
emphasis is placid on the identification of sWimt characteristics that 
can be used to prescribe different aniounts of learner control and/or 
teacher direction for individual learners. 

5* Since high grade point average subjects used more ttoe than 
low grade point average subjects and scored higher on the biology 
achievement test^ a study in which tmm is con^wlled should be 
conducted. This would make it possible to d^t^rmine the effect of 
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increased instructional tme on the achievement of low grade point 
average subjects. 

6. The effect of different instructional unit sequences ^ and 
various forms of control for within-unit experience sequences^ on 
students' retention of important biological principles should be 
explored , 

7, The relationship between specific personality factors and 
the effective utiliEation of different combinations of instructional 
unit sequences and forms of control for within--unlt eKperienca sequences 
should be investigated. If it can be shown that cwtain personality 
types use specific instructional sequences and control forms more 
effectively than others * matching of students to appropriate instruc- 
tional programs would be greatly facilitated* 

Smnmary of the InvestigatiQn 

The effects of two different sequences of Instructional units 
and two forms of conwol for within-unit experianca stqusncaa on the 
achievement and attitudes of students in a college Introductory biology 
couarse were investigated. 

In the expertaenti 376 undergraduate students studied five 
instructional units ttoough the audio^-tutorial method dwing a five 
week period. Instructional units included Photosynthesis , Resptoation> 
Mitosis and Meiosisp Genetics , and Control Mechanisms* In addition to 
independent study sessions CISS), subjects attended a weekly discussion 
period in which problems encountered in the ISS were disoussed. 

Instructional unit sequences included a Structwa Based Unit 
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Sequenee (SBUS) and a Test Determined Unit Sequance (TDUS)* The SBUS 
was based on an analysis of major coneepts included in the five 
instructional units. Units including concepts considered pr^equisite 
to other units were put into the sequence on that basis. The unit 
considered to be dependent on the other four was given terminal status 
in the sequence* The TDUS was based on results obtained from the 
administration of an achievCTent pretest which included a scale for 
each instructional unit. The TDUS began with the unit on which subjects 
scored highest and moved progressively to instructional units represented 
by low^ mean achievement scores. 

The two forms of control for within-unit eKperience sequences 
were Teacher Directed Experience (TDE) and Student Selecttd EKperience 
(SSE). TDE subjects fQllowed a teacher-prescribed sequence while SSE 
subjects used lists of objectives and related activities to select 
within-unit sequences • 

Upon completion of the eKp^imental units i treatment groups did 
not differ significantly in biology achievement^ or attituds tow^d the 
biology course. When subjects in the SBUS and TDUS groups were compared 
on the basis of average time used to complete instructionai units, 
significant differences favored the TDUS group by two to ons* Both 
groups used a greater amount of time to complete the units they 
encountered first in a sequence. SSE subjects used significantly more 
timm than TDE subjects on two instructional units. 

Other findings included i (1) a combination of factors which 
included SAT-Mathematics score » grade point average, and the score from 
a biology achievement pretest were tht best predictors of biology 
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achievement » (2) within-unit experience sequenQes selictid hy SSE 
subjects were not similar to those prescribed by an instrtiCtQr £ot that 
same unit^ (3) subjects with high grade point averages used moTm time 
to complete instructional units and scored higher oti the achievement 
posttest than did low grade point average subjects, and {h} subjects 
in all treatment groups made highly significant gaixs in aahlevementi 
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Append Ik A 

Flow Chart Used in the Analysis of Concepts 
Ineludad in an Insteuctional Unit 
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Appendix B 

Instinuctlons for Subjects in Teacher Dirr^cted and 
Student Selected Treatment Groups 

Student Selected EHperience Group 

1* Find the sheet titled Check List . Snan the objeotives that it 

includes and set up a sequence that, you will fallow in completing 
the unit* Please avoid the sequence on the sheet; it is a random 
sequence. Arrange the objective cards in the sequence you have 
established. Flip them as you move through the unit* 

2. There is a plastic notebook in your booth labeled Audio Script . It 
includes a sheet (or sheets) of information related to the objec- 
tives. (Objectives are listed at the top of each sheeT:.) The 
information provided is the same as that on the tape (the Tape 
Index Number indicates the place , on the tape, where the information 
is located). In completing the unit you may use the audio script » 
the tape 5 or a combination of the tape and audio script. PLEASE 

do not remove the audio script from the booth. A musical signal 
indicates the end of the information related to an objective. 
Activities that are between musical signals will be indicated by 
a bell. 

3. As you complete each object ivt use the sheet headed Check List to 
indicate the sequence you have used (put a "1" behind the objective 
completed first, etc.). Give this to the instructor when you have 
completed the unit* 

^. When you have completed the activities for the first objective. 
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select another (use the card file) and proceed as h^ifore. Continue 
in this manner* until you have compliated all of the objectives. 

Teacher^ Diracted EKperience Group 

1, In your booth you will find a set of minieographed matarials* These 
papers contain the information that is on the tape, 

2, In completing the unit you may use tha tape, the mimeographed 
sheets, or a combination of the tape and mimeographed sheets. 
Please do not reTnove the sheets from your booth* 
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AppendiK C 

Excerpts from Audio Scripts for Teacher Directed and 
Student Saiected Experience Sequence Groups 

EKcarpt from a Teacher Directed 
EKperience Audio Script 

Meiosis and Mitosis 

In the iniddle of the last century , biologists first observed 
cells* They knew that the growth of organisms involved ai* increasa in 
cell nuinberj but the explanation of how one cell produced another 
remained obscure. It has now been well established that cell division 
involves two separate sequences* One, the duplication of the nucleus 
into two identical nuclei ^ and two, the division of the cytoplasm. The 
nucleus contains the chromosomes which are made up ©f genes and a gene 
contains the genetic information for a single heritable trait. Every 
cell has a complete set of genetic mater ial^ therefore, when cells 
divide each cell must receive a copy of every gene. 

The genetic code is stored in the double stranded DNA molecule. 
So if the genetic code is to be duplicated then the DNA must be 
duplicated. At this point we need to look at the way in which this 
duplication takes place. Accurate duplication is possible since a 
given base will pair with only one other base. Now look at section A on 
page 1 in your study guide* 

The DNA strand in diagram 1 represents a portion of a molecule 
before cell division. The strands are bound together by bonds between 
the bases of the two strands. The two strands start to separate. We 
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mizht say t'-^^at DNA unsips, because the bonds holding the nitrogen bases 
of th^ two separate strands in cloue proximity break* In diagraTn 2 this 
un2.ippin^ ii: not qui"ue complcite I'^cnuse ay you can see thGre are Gtili 
two pairs of bases bo\ind together. The synthesis of the new strands has 
already started for the far right of each of the old strands. The base 
sequence on the new strands is predetermined since a given base will 
pair with onJy a specific one of the other three. When the synthesis is 
complete two identical molecules are formed. These are shown in diagram 
3. If you do not fully understand this process ^ review Figure 17,2 on 
page 240 of your text* Where do the parts for the synthesis of the 
indl^^idual nucleotides come from? Ribose can be obtained from glucose* 
Nitrogen bases can be formed from intermediates in metabolic pathways p 
For eKample, purines come from PGAL, Phosphate is taken in as a 
nutrient from an external source We take it in as part of the food 
supply; plants absorb it from the soil. 

We know that the DNA is an important component of chromosomes^ 
so let us say something about the duplication of chromosomes. Look at 
diagram ^ on page 2 in your study guide* The top diagram labeled "a" 
shows one chromosome. The DNA is indicated by the helical structure 
within the chromosome. The remainder of the diagram represents protein* 
Note in the diagram labeled "b" that the helical DNA is duplicating. 
The newly synthesized p'jrtion of the DNA is shown in red. Finally in 
the lower portion of the diagram labeled "c" ctoomosome duplication is 
complete. At this point the ctoomosome is said to be composed of two 
chromatids s each with a duplicate copy of DNA, The cluromatids are 
joined togath^ at a location called the centromere. After cell 
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division, the chx''omatid£ with their duplicate copies of DNA end up in 
separate calls. Now see if you can relate the events in diagram 1 
through 3 in your study guide with events in diagram 4* Diagrama 1, 2, 
and 3 show how one molecule of DNA duplicates* DiagraTn 4 shows what 
happens on a larger scal& when one chromosome which contains replicating 
DRA duplicates and becomes two chromatids* 

Ex cerpt from a S tud e n t Salected 
rxDeriance Audio SuriDt 

O BJECTIVE 

Give exainples of plant and animal cells that divide mitotically. 
Tape Index Number 
Audio Script 

In unicellular organisms, cells resulting from cell division are 
genetically identical organisms • But in multicellular or many celled 
organisms cells resulting from cell division usually stay together. 
They may enlarge and begin to dif f erentiatt into specialiMd cells that 
will play some vital role in the organism. For eKamplej in an anLnalj 
cells might become flattened and eventually form epithelial tissue which 
lines the inside of our cheeks* In the case of plants they might become 
part of a tissue found in the roots, the stems ^ or the leaves. Areas 
where cell division takes place in plants are confined to the meristems 
at the terminal areas of the root and the stem. In animals s areas of 
cell division are rather widespread. Rates of division varyi the 
highest are generally found in embryonic regions , the lowest in aged 
tissues. Soma cells cannot reproduce at all, for example » nerve cells 
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cannot be replaced. Muscle and liver cells seldom divide* However, 
mosr cells do retain the potential to reproduce. 

objective: 

Distinguish between haploid (n) and diploid C2n)* 

Give examples of plant and animal cells that divide meiotically. 

Tape Index Number 
Activities 

Study Guide - Diagram 7 
Audio Script 

The genetic material is stored in structures called chromosonies. 
In order to understand the significance of the sexual process it will be 
nace3sary to emphasize the ralationship of chromosome numbers to the 
organism. Each species of plant or animal has a specific number of 
chromosomes in each cell. For eKampla, man has 46 chromosomes per cell. 
Watch Diagram 7 while we discuss the human life cycle* 

Both the egg and the sperm contain one set consisting of 23 
chromosomes* But each cell of adult man contains two sets or 46 
chromosomes* Where do the 46 originate? When gametes (sex cells) fuse 
at fertilisation, two sets of chromosomes come together in a single 
cell. Thus, man gets 23 chromosomes from his mother and 23 from his 
father. These 46 ctoomosomes are made up of 23 pairs. One member of 
each pair comes from the egg and the other comes from the sperm, or one 
member of each pair comes from the mother and one from the father. The 
chromosomes which make up a single pair contain genetic information 
(genes) controlling the same traits. 
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Since the cells of adult man have two sets of chromosomes^ they 
are said to be diploid. Cells such as gamet^^s (which are produced by 
both plants and aniihals) have only onm set of chrorr.o.^omes and are 
haploid. The change in chromosome number (from diploid to haploid) 
results from tneiosis. 
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Append IK D 

Professors Who Assistod in the Preparation 
of Objectives and Test Items 

1, Jay F, Davidson^ Assistant Professor of Biology 5 Shippensburg State 
College 5 Shippensburg 5 Pa* 

2. Herbert E. Hays^ Associate Professor of Biology ^ Shippensburg State 
College, Shippensburg, Pa, 

3. Leon W* i^eger^ Professor of Biology, Shippensburg State College 3 
Shippensbi^g , Pa * 

4, Robert D, Reed ^ Assistant ft'ofessor of Biology^ Shippensburg State 
College, Shippensburg 5 Pa* 

5* Richard W. V/ahl, Assistant Professor of Biology^ Shippensbwg State 
College s Shippensburg 5 Pa* 
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Appendix E 
Sequence Test 

1. Organisms that produce energy rich fuei molecules (sugar, etc*) are 

classif ied as 

( 1 ) heterotr ophs ( 3 ) saprotrophs 

(2) holotrophs (^) autotrophs 

2. The cOTr.ponent of visible light that has short wavelength and high 
energy is 

(1) blue (3) green 

(2) red (^) yellow 

3. In certain cells of green plants cat^bohydrati Tnolecules are produced 
initially in structures called 

(1) mitochondria (3) ohloroplasts 

(2) ribosomes (^) lysosomes 

4. A factor that does not affect the rate of photosynthesis is 

(1) oK^^gen concentration (3) COj concentration 

(2) light intensity (^) tempe^^ature 

5. Photosynthesis consists of two phases reaction sequences which 
are referred to as the light reaction and dai*k reaction. The dark 
reaction occws 

(1) only in the presence of light 

(2) only in darkness 

(3) in either light or darkness 

(4) only during eKtended periods of darkness 

6. The carbohydrate produced during pnotosynthesis is from the 

(1) light reaction which involves chemical OKidation 

(2) light reaction which involves chemical reduction 

(3) dark reaction which involves chiinical oKidation 
C^) dark reaction which involves chemieal reduction 

7. Substances required for the dark reaction of photosynthesis that are 
produced in the light reaction include 

(1) COj. + H^O (3) HjO + 

(2) ATP t NADPHj (^) RDP + PGAL 
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^ + H^O 

> CO 2 + HjO 

9» Chlorophyll is essential in photosynthasis bacause it 

(1) refleGts red and green light (3) reflects green and blue light 

(2) absorbs red and bluo light (4) absorbs green and blue light 

10, A technique that Is used to separate the components of complex 
mixtures of chemical substances (e.g. plant pigments) is 

(1) cantrifugation (3) autoradiography 

(2) microscopy (4) Ghromatography 

11, More directly usably energy is produced during which of the 
following cellular processes? 

(1) anaerobic re.'^piration (3) aerobic respiration 

(2) protein syntrer"t^ (4) alcoholic fermentation 

12, Energy is released from fuel Tnolecules in which of the following 

organelles? 

(1) mitochondria (3) chloroplasts 

(2) ribosomas (H) lysosomes 

13* Cellular respiration 

(1) does not occur in green plants 

(2) Occurs in both plants and anirials 

(3) occurs in plants during darkness but not in light 

(4) occurs in all animals but only in plants that lack chlorophyll 

14* An equation that includes the reacting mater ials and products for 
aerobic respiration is 

(1) COg + KjO — » ^6"l2^6 ^ ^2 

(2) CO^ + 0^ ~> C rL 0 + H^O 



(3) C^H^jS ^ ^2 ^^2 ^ 



15, ^fnen cellular respiration is considered in a very general way vrhioh 
of the following is true? 

(1) it involves chemical oKidation and is energy releasing 

(2) it involves chemical OKidation and is energy consuming 

(3) it involves chemical reduction and is energy releasing 

(4) it involves chemical reduction and is energy consuming 
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16. Krcb^s Cycle and electron transfer reactions are typical of 

(1) aGrobic respiration 

(2) the light reaction of photosynthesis 

(3) anaerobic respiration 

(4) the dark reaction of photosynthesis 




C 



The above diagram represents aerobic respiration- Most of the ATP 
produced during aerobic respiration comes from 

(1) A " (3) A and B 

(2) B (4) C 



18p The energy carrier molecule fwhieh traps energy released in cell 
respiration and makes it available for processes which consume 
energy) in living cells is 

(1) glucose (3) ATP 

(2) DNA M PGAL 

19, V/hich of the following is true? 

(1) glycolysis (which converts glucose to pjj^ruvic acid) occurs in 
aerobic respiration 

(2) glycolysis does not occur in the fermentation process 

(3) glycolysis occurs in anaerobic but not in aerobic respiration 

(4) glycolysis does not occur in plant cells 

20, Living organisms can extract more energy from which of the following 
types of molecules? 

(1) carbohydrates (3) proteins 

(2) fats (4) nucleic acids 

21, That a sample of tissue has come from the testis of a cat and not 
from its kidney can be determined by the presence of cells 

(1) in various stages of mitosis 

(2) with the diploid chromosome number 

(3) which lack nuclei 

(4) with the haploid number of chromosomes 



136 



123 



22. In animals, gametas (spems and eggs) are produced tf^ough 

(1) meiosis which rtduces the number of chroinosomes 

(2) mitosis which reduces the number of chromosomes 

(3) meiosis which does not change the number of chromosomes 

(4) mitosis which does not change the number of chromosomes 

23. A cell having 20 chromosomes would, during mitosis , give rise to 
two cells each of which would have a chromosome nmber of 

(1) 10 (3) 40 

(2) 20 (4) 80 

24. 




The above drawing represents a stage of mitosis in a plant cell* 
The stage is 

(1) interphase (3) metaphase 

(2) prophase (4) anaphase 

25. As compared with the amount of DNA contained in the body cell of 
the frogs how much DNA is found in the sperm cell of the frog? 

(1) 1/4 as much (3) an equal amount 

(2) 1/2 as much (4) twice as much 

26. Human body cells have 23 pairs of chromosomes in their nuclei, 

A term that is used to describe cells that have the maKimum number 

of chromosomes for a particular species is 

(1) diploid (3) polyploid 

(2) haploid (4) monoploid 



27. Sexual reproduction is typical af 

(1) plants only 

(2) animals only 

(3) both plants and animals 

(4) all animals but only flowering plants 
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I A B C D 

In the above series of pictures represents the nucleus of a cell 
taken from the leaf of a conimon green plant* Questions 28 and 29 relate 
to the four lettered diagrams* 

28. A functional sperm nucleus from a pollen grain produced by this 
plant could resemble 

(1) A (3) c 

(2) 3 (if) D 

29 # The nucleus of a zygote formed from normial gametes in this plant 
v/ould most likely resemble 

(1) A " (3) G 

(2) B W D 

30* Crossing over (a process through which adjacent chromosomes 
exchange segments) occurs during 

(1) prophase of mitosis (3) telophase of mitosis 

(2) anaphase of meiosis (4) metaphase of meiosis 

31, The total genetic code (or hereditary information) is stored in 
human cells in which of the following 

(1) RNA (3) DNA 

(2) NAD (^) a gene 

32* Protein molecules are synthesized in 

(1) mitochondria (3) ribosomes 

(2) chloroplasts (if) the cell nucleus 

33* Hereditary information is transferred from the cell nucleus to 
special areas in the cytoplasm by 

(1) DNA " (3) transfer RNA 

(2) messenger RNA (U) genes 



3^, Protein synthesis as an overall process is 

(1) endergonic or energy consuming 

(2) endergonic or energy releasing 

(3) eKergonic or energy consuming 
(^) exergonic or energy releasing 
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35. Protein noleculas are essential in living calls beeause they are 

(1) subunits in amino acid Tnolecules 

(2) primary fuel molecules 

(3) anzyrnes 

(4) denatured by eKcess heat 

36. Energy for the synthesis of protein molecules comes from 

2NA (3) enzymes 

(2) ATP (4) peptide bonds 

37. Systems in living organisms tend to self-adjust. This results in 
physiological stability or maintenance of the "steady state,'' A 
very general term that is used to describe this phenomenon is 

(1) unbalanced feedback (3) osmoregulation 

(2) homeostasis (if) tropic response 

38. The human kidney maintains the concentration of substances in the 
blood by reabsorbing them from the tubules. An item that is 
reabsorbed in large quantities is 

(1) (3) urea 

(2) protein (^) red cells 



39, 



Breathing rate in man is controlled by a center in the brain which 
is sensitive to the concentration (in the blood) of which of the 
following? 

(1) hemoglobin (3) red cells 

(2) O2 (4) CO^ 




EKLC 



KEY O ^ ^ phosphate group 

C2 = a sugar molecule 
Letters A, 

T, C5 and G - nitrogen bases 

40, The above structure represents a small segment of 

(1) a protein molecule (3) t-RNA 

(2) m=RNA (4) DNA 

41. New combinations of genes result from 

(1) mitosis in the body cells of animals 

(2) mitosis in the gametes (seK cells) of animals 

(3) meiosis in the body cells of animals 

(4) meiosis in the gametes (sex cells) of animals 

9^. 139 
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42. An organism that has identical alleles (different forms of a gene) 
for a particular trait is described as 

(1) homozygous 

(2) monozygous 



(3) heterosygous 
isoEygous 



43* An organism has both alleles of a gene for a particular trait. How 
many different types of sex cells (with respect to only this trait) 
can this organism produce? 

(1) 0 (3) 2 

(2) 1 (4) 4 

44, An allele that completely masks or conceals the presence of its 
other form is 

(1) incompletely dominant (3) dominant 

(2) recessive (4) codominant 

The punnett square shown below represents possible patterns of inheri- 
tance in dihybrid crosses where black (B) is dominant to white (b) and 
straight hair (S) is dominant to curly hair (s). 
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Questions 45 and 45 are based on the above information. 

45. The genotype for organisms of type "J" is 

(1) Bbss (3) BBSS 

(2) black with ci^ly hair (4) white with straight hair 

46, The phenotype for organisms of type "K" is 

(1) black, straight hair (3) whiter straight hair 

(2) bsbS (4) bbSs 



Figure. 1, 



RR 


Rr 


Rr 


rr 



47. Figure 1 reprcseiits a cross between two heterozygous parents 



is dominant over "r' 

(1) 1:2:1 

(2) 3 I 1 



The phenotype ratio in this cross is 

(3) 4 1 0 

(4) 1 t 1 
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48. The g a no type ratio for the cross represented in Figure 1 is 

(1) 1 I 2 11 (3) H t 0 

(2) 3 • 1 1 I 1 

49. A male with a Tt genotype (for a particular trait) is crossed with 
a female of the same genotype. What is the probability that a tt 
offspring will be produced? 

(1) 1/2 (3) 1/8 

(2) 1/4 (4) 1/3 

50. An organism has a Tt genotype for a particular trait. The parents 
of this organism could have which of the following genotypes? 

(1) TT and TT (3) TT and tt 

(2) tt and tt (4) T and t 
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Appendix Table 26 

Point-Biserial Correlations , Discrmination Indices, 
and Difficulty Indices for Questions 
from the Sequence Test 



Question No. ^PBC ^DI of D 

1. .as 21.67 .28 

2. .12 35.96 .02 

3. .15 59.61 .lif 

.20 36.i+5 .28 

5. .11 23.65 ,14 

6. .03 9.85 •DO 

7. .06 25.12 .12 

8. .33 47.29 .46 

9. .14 22.66 .24 

10. .15 49.26 .24 

11. .09 27.09 .04 

12. .36 41.87 .44 

13. .32 72.91 .40 

14. .35 37.44 .48 

15. *18 32.51 .26 

16. ' ,29 49.^. .38 

17. *06 20.69 .00 

18. .33 49.75 .42 

19. *28 37.93 .40 

20. -*06 11.82 --.06 
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Question No, 



*P3C 



3DI 



of D 



21. 
22. 
23. 
2<+. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

2^. 

35. 

36. 

37. 

38. 

39. 

^o. 
m. 

42. 



.24 

.25 

.21 

.08 

.30 

.32 

.07 

.26 

.25 

.16 

.28 

.23 

.19 

.24 

.20 

.13 

.30 

.21 

.24 

.24 

.20 

.39 



35.96 

16.75 
44.83 
47.78 
26.11 
27.59 
24.14 
30.54 
24.63 
29.56 
45.31 

59.11 
53.20 

26,20 

29.06 

23.65 

51.23 

36.95 

18.23 

35.96 

41.38 

46.80 



.32 

.15 

,20 

.10 

.28 

.35 

.04 

.26 

.20 

.20 

.34 

.30 

.30 

.22 
.24 

.16 
.40 
.28 

.26 
.30 
.18 
.54 
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Table 


26 (continued) 




Question No, 


*PBC 


Hi 


°I of D 


43. 


.08 


37.44 


.16 


44. 


.30 


68.47 


,32 


45. 


.24 


48.77 


.28 


45. 


.29 


50.25 


,35 


47. 


.27 


46.31 


.34 


48. 


.28 


35.96 


.30 


49. 


.34 


51.72 


.40 


50. 


.32 


72.91 


.32 


^PBC 


- Point-Biserial 


Correlation 






- Difficulty Ind( 







of D - IndsK of Discrimination 



144 

o 

ERIC 



131 



Appendix F 
Achiavement Posttest 



For the visible portion of the electromagnetic spectrWis which of 
the following is true? 

(1) red light has higher energy than blue light, 

(2) red light has shorter wavelength than blue light, 

(3) green light has less^ energy than red light* 

(4) blue light has short wavelength and high energy. 



An experiment was set up involving autotrophic plants^ all of the 
same species ^ under the influence of light of different colors. In 
any given period of time, in which light would the plants probably 
release the least amount of oxygen? 

(1) red, (3) green* 

(2) orange. i^) violet. 



A 



absorption 



RED 



GREEN 



BLUE 



The above graph represents the absorption pattern for a iniKture of 
pigments from an eKotic plant. A true statement that might be made 
about the plant is that it 

(1) is green. O) absorbs light. 

(2) is photosynthetic. (4) reflects mostly blue. 

The light reaction of photosynthesis oceurs 

(1) in both light and dark, (3) only in light, 

(2) only in dark. (4) in either light or dark. 

In green plants the reactions of photosynthesis occur in 

(1) chloroplasts. (3) mitochondria. 

(2) ribosomrs. (4) vacuoles. 
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6. Chromatography can be used to separate the pigment molecules in a 
niixture because 

(1) chlorophyll is soluble in alcohol. 

(2) smaller molecules move up the paper column very rapidly* 

(3) pigmGnt molecules that are more soluble in the solvent move 
farther up the paper column, 

(i^) the paper column interferes with the movement of non-chlorophyll 
type noleoules, 

7. From the list below identify the products of the light reaction of 
Dhotosynthesis * 

U) NAD?, ADP and H^O. (3) QO^ and K^O. 

(2) PGAL and U^O. (4) NADPHg ^ ATP and Og. 

8. Oxvgen given off by a particular plant during photosynthesis is 
found to be radioactive* Other substances involved in the process 
are tested. Which of the following will be radioactive? 

(1) H^O, (3) glucose, 

(2) COj, * (4) PGAL* 

9. We often speak of ^'limiting factors" in biology 5 that is, 
conditions or substances which limit processes by absence or by 
inappropriate amounts. VJhich of the following would not limit 
photosynthesis, regardless of presence ^ absence, or quantity? 

(1) oKygen. (3) light. 

(2) CO 2. W water* 

10* Ifnich of the following substances, supplied to a green plant kept 
in the dark, would make it possible for the plant to remain alive? 

(1) NAD alone* (3) NAD and COj* 

(2) PGAL* (1+) HgO and CO^. 

11. Which environmental change is most likely to increase the rate of 
photosynthesis in a bean plant? 

(1) a drop in temperature to 15® C* 

(2) an increase in the intensity of green light* 

(3) a rise in the oKygen concentration in the ato. 

a rise in the carbon dioxide concentration in the air, 

12. In the dark reaction of photosynthesis PGA is reduced to PGAL. 
This reduction recuires 

(1) AD? and NADP. * (3) ATP and NADPHg* 

(2) NAD and ATP* (k) light and chlorophyll. 
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13 • A green plant is kept in the dark for several days. It is then 
placed in light but deprived of COg- After several hours its 
leaves give a negative starch test. This is because 

(1) the light reaction of photosynthesis is aQcelerated, 

(2) O2 from CO2 is released in photosynthesis. 

(3) darkness destroys chlorophyll* 

(4) carbon dioHide is neoessary for the dark reaction of 
photosynthesis # 

14. Which of the following represents the overall process of photo-^ 
synthesis? 

(1) carbon dioxide t water -> glucose + oKygen + carbon dioKide. 

(2) glucose + water carbon dioxide + water, 

(3) carbon dioxide + water — > glucose + OKygen. 

(4) glucose + oxygen carbon dioMide + water, 

15* The overall description of aerobic respiration which includes 
reactants and products is 

(1) glucose > alcohol + carbon dioKide. 

(2) carbon dioxide + water =^ sugar + water, 

(3) sugar + OHygen ^ carbon dioxide + water, 

(4) carbon dioKide + water - ^ carbohydrate + oxygen + water, 

16 « Ifnich life function is represented by the diagram below? 

enzymes 

glucose — — ~^ — ethyl alcohol + CO^ + ATP 

(1) anaerobic respiration. (3) aerobic respiration* 

(2) photosynthesis* (4) l^eb's citric acid cycle. 

17* Heterotrophic animal cells carrying on aerobic respiration were 

placed in an artificial atmosphere in which all the oxygen present 
was Qxygen-18 (a radioactive form o£ oxygen). During respiration 
the cells took in and used oKygen-18 just as they would use 
ordinary oxygen-16* The oxygen-^lS would most likely leave the 
cell as part of a molecule of 

(1) glucose* (3) HjO* 

(2) COg* (4) pyruviG acid. 

18* Most of a cell's ATP is produced 

(1) during glycolysis. 

(2) during the Cg ^ stage, 

(3) during the l^eb's cycle, 

(4) during the cytochrome system stage. 
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19, The yield of energy from anaerobic rtspir^ation 
CI) is greater than from aerobic respiration, 

(2) is smaller than from aerobic resp^ation, 

(3) is the same as in aerobic respiration, 

(4) varies depending on whether a plant or animal is considered. 

20, The synthtsis of ATP in rospiration is essentially an oxidation , 
process involving the "removal of'^ energy from 

(1) CO^* " (3) ©Hygen. 

(2) water, (if) alectrons, 

21, The productCs) of the energy-yielding breakdown of glucose in 
yeast cells in the absence of ample oxygen is (are) 

(1) lactic acid* 

(2) alcohol and carbon dioxide* 

(3) pyruvic acid and water. 

(4) acetic acid and carbon dionide. 

22, Cellular respiration can occur in living protoplasm at temperatures 
that are much lower than those at which combustion in non--living 
things occurs because 

(1) more oxygen is used by the protoplasm* 

(2) less carbon is present in protoplasm than in non-^living things. 

(3) onzymes are present in protoplasm, 

C^) protoplasm releases less carbon dioxide dwing the prooess of 
combustion than do nen^living things. 

23, In the metabolic breakdown of glucose to yield carbon dioxide and 
water 5 most ©f the different reactions which represent ©Kidatlons 
are those in which 

(1) molecular oxygen is added to a carton^containing molecule . 

(2) a water molecule is added t© a oarbon^containing molecule. 

(3) hydrogen atoms are removed from a aarbon-containing moleoula* 

(4) carbon-containing molecules are split into halves* 

The common immediate scurce of energy in cellular activity is 

(1) PGAL. (3) NAD, 

(2) ATP, (4) glucose. 
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25, In explaining aerobic reGpirations a student made thi following 
generalisations • 

The carbon dioKide produced is the direct result of l^eb Cycle 
ehemistry * 

OKygen in the cells functions as a donator of high energy 
electrons. 

All biochemical energy in the form of ATP is packaged in the 
electron transport system. 

The process is common only in animal tissue. 

Which is the best sun^mary of his knowledge? 

(1) Excellent I Correct on all points. 

(2) Poor! Ke should review the topic. 

(3) Good, but a little weak in which organisms have aerobic 
respiration. 

(^) Fair^ but confused on the Kreb*s Cycle. 

26. Which of the following is not an energy consuming process? 

(1) osmosis in root hairs, 

(2) active transport in human kidney cells. 

(3) movemeni: (total organism), 
(^) synthesis of large molecules. 

27, Which of the following includes molecules that are respl^^ed in 
living cells? 

(1) ATPj glucose and CoA, 

(2) NADPHgi glucose and ATP, 

(3) PGAL, glycogen^ and glucose, 
(^) COg, fats and pyruvic acid. 

28, Which of the following is true? 

(1) glycolysis occurs in mitochondria, 

(2) ^eb's Cycle reactions occur in the cytoplasm. 

(3) glycolysis and i^eb's Cycle reactions occur in mitochondria. 

(4) glycolysis occurs in the cytoplasm, 

29. Which of the following is true? 

(1) mitosis Occurs in plants , but not in animals. 

(2) maiosis occurs in animals, but not in plants. 

(3) meiosis occm^s only in plants and mitosis occurs only in 
animals. 

(4) meiosis and mitosis occur in both plants and animals, 

30. To the species involved , the chief advantage of seKUal reproduction 
is that it 

(1) keeps the DMA mater ial constant from gentration to generation. 

(2) protects the embryo. 

(3) leads to new DNA combinations, 

(4) involves two organisms. 
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31, An advantar^e of asexual reproduction in the propagation of a 
supei^ior strain of an ornamental plant is that 

(1) this method offers the possibility of improving the strain. 

(2) aseKual reproduction guarantees larger numbers of offspring 
than would sexual reproduction, 

(3) a3axual rnethods offer an increased chance of uniform quality. 

(4) asexual methods tend to eliminate weaknesses from the plants 
involved t 

32, Which would be the result if, during the process of mitosis , 
chromosomes did not replicate themselves? 

(1) sperm cells would have double the number of chromosomes present 
in the parent cell* 

(2) each daughter cell would have the same number of chromosomes 
as the parent cell, 

(3) each daughter cell would have double the number of chromosomes 
present in the parent cell* 

(^) each daughter cell would have half as many chromosomes as the 
parent cell. 

33, A major difference between meiosis and mitosis is that 

(1) in mitosis chromosomes pair up prior to duplication, 

(2) in meiosis chromosomes pair up prior to duplication, 

(3) tetrads are involved in mitosis. 

(4) metaphase occi^s in meiosis, 

3^* Chromosomes do not occur as homologous pairs in 

(1) fertilizied eggs, (3) zygotes, 

(2) gametes, (4) body cells. 

35. If each line represents a chromatid ^ then mitosis in a cell which 
has one pair of chromosomes in its nucleus is represented by 




36. If the symbol > is used to indicate that an item is an integral 
part of a larger more compleK structure (ex. glucosQ > starch 
molecule) then the arrangement for the genetic material is 

(1) DNA > chromoGomes > genes • (3) DNA > genes > chromosomes, 

(2) genos < DNA < chromosomes, (4) genes > DNA > chromosomes, 
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37. In a normal body csXl of a iertain shs^l< there are 2k chromosomes, 

iiow many „h3for>osoffles are U3<ely to be foTjnd in each gamete produced 
by this animai? 

(1) S. (3) 2H. 

(2) 12. (a) m. 



Zygote 



^Body Cells 



Gametas 



38* In the above diag^arm (-^;hich repraseiits an animal life oycle) 
mitosis occurs at 

(1) 1* (3) 3. 

(2) 2. (1+) i+, 




J 



39. The above diairram rej^esents 

(1) prophase in an a*iifnal cell* 

(2) metaphase in a p3.ant 

(3 ) anaphase in am amirnal ce 11 * 

(^) interphase in a jl^nt or ani*nti ceil. 

ifO, Chromatids, resulting frorn tlii dupliea-£ing of a chroinosome during 
nitosis, are held togethi^ b^r 

(1) astral rays. (3 5 oentrioles ^ 

(2) spindle fipers, (^+5 centroniires* 

41* Crossing over during meiQ^is results 
(1) new gone cDnbina^ipns * 
<2) tetrad formation* 

(3) mutations, 

abnormal ctoonnosoine numbere* 
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The above drav/ings represent initosis in a cell vfhich has a diploid 
chromosome niimber of 2, Start with interphase and puT the drawing 
in sequenca. Select the coj^rect sequence from the follov^ing 
(I) 2; 3, 1, 5, (3) 2, 3, 1, 5. 



(2) i+5 3^ 2, I5 5, 



(4) 4, 1, 2, 3, 5. 



An animal is heterozygous for one trait (Aa) and homoa^ygoiis for 
^noth^r (rr)* The genes fo^ these t^wo traits are on different 
chromosomes. How many different types of gametes (with rcspeet 
to these traits) can this organisTn produce? 

(1) 1, (3) 3, 

(2) 2, (4) 4, 



Which statement concerning an allelic pair of genes controlling a 
singis characteristic in man .is true? 

(1) both genes coma from the father. 

(2) both genes come from the mother, 

(3) oTiB gene ooines from the father and one gene Qomes from the 
mother, 

(4-) the genes coine randornly in pairs froin either the father or the 
mother* 



In man J the sperm cell determines the seK of the offspring because 
it Contains 

(1) two "X-' chroTnosomes, 

(2) two ^^T^ chromosomes, 

C3D both an *'X" and a '*Y'* c^omosome, 
(4) either an "X'' or a "Y" chronioSQine, 



A farmer is told that his black bull is a thoroughbred C homozygous 
black? i Knov^ing that black color is dominant over red oolor in 
cattle, ha decides to deterniine the purity of the strain by matirig 
the bull with several red cows* If the bull is homozygous 

(1) 100% of the offspririg will be black. 

(2) 100% of the offspring mil be het^ozygous red, 

(3) 75-6 of the offspring will be black and 25% will be red, 
(U) SOI of the offspring will be black and 50% will be red. 

A studijnt in the laboratory tossed 2 pennies from a container lOO 
times and recorded these resijltsi both heads - 2S| one head and 
one tail ^ ^7 \ both tails - 28. Which cross would result in 
approKimately the same ratio? 

(1) Aa K (3) Ak H aa. 

(2) Aa K 4a* (H) Aa k aa. 
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In peas, red flow-ers (K) are dominant over ^v^hite flowers (r). Two 
plants that are hetGrosygous for flower color a^e crossed* What i 
the Drobability that the first plants produced will be pink? 

(1) 1/2, (3) 1. 

(2) 1/4. (U) 0. 

A v;oman whose father v^as colorblind but who is not colorblixid 
her self ma^rieG a mari 'with normal visioii* The chances for* color-^ 
hlindness in the^r children is 

(1) O'i, (3) 50%, 

(2) 25%. (4) lOOl, 

vrnich is the rnost likely result of cross iiig^ov'er in plcint breadirig 

(1) eliniinatiori of some recessive genes - 

(2) weakening of the dominant gene, 

(3) increased numier of gene niutatioriS among offspring- 
(^) increased variability among off spring # 

In J ins on veedo pxir^ple flowers (?) are doniinant over white r lowers 
(p), and spiny pod (S) is dominant over sinooth pod (s)* h puirple- 
smooth is crossed v/ith a white- spiny producing : 

106 purple -smooth 

110 purple-^spiny 

102 whit e^smooth 

Ilk white-- spiny 
The most likely cross giving these results would be 

(1) ?pss A ppSs* (3) PpSs H ppSS^ 

(2) PpSs K PpSs* (k) PPss H ppSs* 

Hemophilia is a seK^l inked trait. Men are comnionly affected by 
the disaase^ but women are rarely affected. This is due to the 
fact that the gene for hemophilia is 
CD dominant and carried or4iy on the Y chrontosome, 

(2) dominant and carried only on the K chroiiiQSonie, 

(3) recessive and carried only on the Y chromosome, 

(4) recessive and carried only on the ^ chromosonie * 

Black Andulusian chicl<ens are BB, and \/hite ones are MW, 
Heterozygous iiidi\^iduals are said to be "blue,-* This is iTi 
Gxample of 

CD a scK -linked trait- (3) a mutation, 

C2) incomplate dominance. ) mossing over. 
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The inforniation provided in question no, 54- will also hm used in 
cuestion 55, 

54* The 5ene f when homosygous produces a smooth appeamnce. Its 

allele F produces a fuzsy appoarance in either the homozygoua or 

the hetGrozynous conditdon. One pair of parGiits has produced 30 

fii^zy offspring and 32 smooth offspring. Which of the foUowing 

pairs of genotypes fit ^hese parents? 

U) Ff K ff , C3) FP K ff . 

(2) Ff K Ff, C4) FF H Ff . 



5 5, When an FF malQ is crossed with an Ff female^ vrliat percentage of 
the offspriiig should appear smooth? 

(1) 0%. " C3) 50%. 

(2) 25%, (4) 75%, 



56, In man, Tnutations that are transTnitted fTom parent to offspring 
are 

(1) the result of crossing over, 

(2) found only in somatia (non-raprod'uotive) celis • 

(3) confined to potential reproductiva cells, 

(H) always found on tha sgk CX and Y) chrornDsomes , 

57* Genes determine the steuctui'e of ealls by contralling the synthesi 
of 

(I) pigiTients, (3) vitaTnins, 
(2) proteins, (^) honnones, 

58, Translating a cell's coded information into a nev? enzyme molecule 
\isually occurs in 

(1) a chloroplast. (3) the nucleus * 

(2) a mitochondrion, {^) ribosoTnes* 

59, The kind of nucleic acid which contains the greateit amount of 
coded inforrnation is 

(1) Dm, (3) t-RU. 

(2) m-RNA, (4) MD?, 

60, \fliich statement concerning RM is not true? 

(1) the sugar present is ribose, 

(2) it may contain uracil. 
<3) it is single-stranded p 

<4 ) it is found only in the nucleus* 

61, ft^esent knov^ledge indicates that mesiengii' RNA is synthesized 
<1) when the nucleus divides* 

C2) using DKA as a template* 

C3) using transfer RN'A as a template, 

C4 ) in ribosomes* 



mi 

62. MoGsonncr KM A 

Cl) is manufacturad in cell cy^oplasin, 

(2) acts as a template for transfer RNA synthesis. 

C3) is produced as a complinientary copy of one strand of a DNA 

Tiiolecule in v/hlch case uracil is substituted for thyTTiine, 
(^) attaches directly to amino acids during protei.n synthBsiB . 




W )C Y 



63, The abov^e diagrani represents a segment of a DNA molecula. The part 
of the molaoula that codes for ens ainino acid is rapx^esented by 
the area labeled 

(1) W. (3) y. 

(2) K, (4) E. 

64, In an ov^erall sense prDtein synthesis is similar to 

(1) raspirdtion which is energy releasing* 

(2) respiration which is endergoaic, 

(3) photcsynthesis which is energy consiMingi 
photosynthesis whieh is eKergonie* 

65, Ifnich of the diagrams represents a functioning balanced con-te^ol 
systeiD? 




66, In the human body the rate of breathing is chiefly dependent on 
chemical factors in blood ^ of %^hich the most importa nt is 

(1) oxygen concentration, ' 

(2) hemoglobin conce^Wation* 

(3) niwogen concintration. 

(k) carbon dioKide ccncanfraticn. 
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67, The antibiotics str^eptoniycin , viomycin5 and others are thought Xo 
associate irreversibly with ribosomes in bactGria and thus disrijpt 
tneir normal functioning. In other words these antibiotiGs destroy 
bacteria in which way? 

(1) prevent them from reproducing normally* 

(2) increases their respiration to an abnormal rate, 

(3) prevents the synthesis of proteins, 

(4) blocks cell wall synthesis, 

68, ICeurospord, a type of niold , can grow if it is supplied with a 
rGlatively simple diet. This is because it can synthesize compli- 
cated molecules (particularly amino acids) from basic nutrients 
such as glucose 5 inorganic salts ^ etc, Hovmver ^ it is well 
established that certain strains of Neurospora can only grow when 
their basic diet Is supplemented with specific amino acids* This 
is because 

(1) amino acids are enzymes, 

(2) amino acids are converted to ATP, 

(3) specific enzynies are lacking, 

(4) a feedback mechanism results in death. 

69. What happens to most of the water that passes into the filtrate 
in the kidneys? 

(1) is is excreted in the urine, 

(2) it is utilized in carbohydrate synthesis, 

(3) it is reabsorbed into the blood, 

(^) it is converted into digestive fluids which serve as vehicles 
of transport for enzymes. 

70. One of the most important functions of the human kidneys is to 

(1) assist in the elimination of indigestible wastes from the 
digestive tract* 

(2) store glycogen for ernergency use. 

(3) eKcrete nitrogenous substances produced dwing protein 
nietabolism. 

(4) eliminate carbon dioKide from the body* 
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Appendix F, Table 27 

Point-Biserial Correlations ^ Discrimination Indices » 
and Difficulty Indices for Questions 
from the Achievement Posttest 



Q\iestion No. ^PBC ^DI of D 



1. 


.26 


75.57 


.39 


2. 


.34 


60.18 


.43 


3. 


.25 


59.29 


.39 


H. 


.26 


95.58 


.14 


5. 


.01 


93.81 


.00 


6. 


.32 


76.11 


.36 


7. 


.26 


88.50 


.18 


8. 


.32 


65.49 


.32 


9. 


.41 


70.80 


.50 


iO. 


.23 


26.55 


.18 




m 


/ o . yy 


.36 


as. 


.34 


75.22 


.32 


13, 


.15 


72,57 


.14 


11*. 


.35 


80.53 


.36 


15. 


.40 


75.22 


.36 


X&. 


.37 


84.07 


.29 


17. 


.24 


48.67 


.25 


18. 


.41 


64.60 


.54 


19. 


.31 


75.22 


.29 


20. 


.07 


61.95 


.04 
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Table 27 (continued) 



Question No, 



^PBC 



of D 



21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

3^. 

33. 

34. 

35. 

36. 

37. 

38. 

39. 

40. 

41. 

42. 



.52 

.31 

.19 

.18 

.30 

.18 

.34 

.36 

.31 

.37 

,14 

.34 

.38 

,22 

,20 

.14 

,30 

,20 

.28 

.36 

.25 

AO 



67.25 

57.52 

76.11 

82.30 

55.75 

88.50 

27.43 

55.49 

69.91 

87.61 

72.57 

78.76 

59.26 

51.33 

43.36 

23.01 

82.30 

29.20 

69,03 

74.34 

84.07 

89.38 



.71 

.46 

.25 

.18 

.36 

.07 

.36 

.46 

.32 

.36 

.11 

.36 

.50 

.18 

.29 

.11 

.29 

.14 

.36 

.43 

.29 

.32 
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Question No. 



Table 27 (continued ) 



'PBC 



CI of D 



43. 

44. 

45. 

46. 

47, 

48. 

49. 

50. 

51. 

52. 

53. 

54. 

55. 

56. 

57. 

58. 

59. 

60. 

61. 

62. 

63, 

64, 



.10 

.31 

.22 

.29 

.23 

.34 

.11 

.36 

.32 

.12 

.>f5 

.2^ 

.3^ 

.33 

.23 

- '7^ 

.41 
.24 
.38 
.36 
.45 
.33 



69.03 

78.76 

41.59 

78.76 

82.30 

44,25 

48.67 

78.76 

52.21 

50.44 

75.22 

S6.73 

76,99 

38.94 

83.19 

78.76 

75.22 

91.15 

55.75 

7S.22 

59.26 

42.48 



.08 

.32 

.29 
.32 
.21 
.39 
.11 
.32 
.39 

.11 

.50 

.14 

.35 

.32 

.21 

.29 

.50 

.21 

.57 

.46 

.68 

.32 
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Table 27 (continued) 



Question No* 


®PBC 


^DI 


of D 


55. 




50.44 


.21 


DO* 




SI. 33 


. 50 


67. 


,35 


56.64 


.50 


DO # 


.30 


48.67 


• 36 


69, 


.29 


59.91 


.32 


70, 


.23 


42.48 


.29 


^PBC 
hi 


- Point-Biserial Correlation 

- Difflcul'Cy IndeK 





of D - Index of Discrimination 
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AppendiK G 
Correspondanca with Dr. D, A* (aSlinas 
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iPPEMSBlJ^G BT^TE OOLLE- 



1^+8 



Oetobar Sk, 1972 



Dr. Douglas A. Gellna© 
Univerait/ of Maina 
Orono, Maine 

Dear Dr, Gellnafl : 

Several yee^s ago Mr, Laon Idcine of the Burgess Publishing Company gave 

a copy of jrour inetruaieat titled Student RaaQtion t o Audio -Tu torial 
Introduotory Botany CQurge. At that time tht biolo©^ f acuity at^^ 
3hippanaburg waa getting ready to Implement an A-T oourse in biolo^ 
for noA-Boienct majora. We are now in our third year of A-T inetruation 
and worlcing to improire our progTMe 

I am ptrsgnally engaged in r@Bea^*eb that i$ directly rolsted to the A-T 
method of inatruetioa* In sy raaearah I am testing the effect of various 
aequeDees of inetruation on achievement^ attitudes^ atg* I thir^ that, 
with minor modi fioatiMa^ your insfcrmaat would prove vary uaefui in this 
study. If you do no% olijtrtt, 1 viU revise the initrument and utilize 
it in w 2^searah. \ 

Sinoeraly, 



Alfred Gunter 

Associate Professor of Blolo^ 
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UNIVERSITY OF MAINE .rf om,o 



Deparinu'nt of Bofnny oiiil IMuiil l*iUliulu/=£y Diu'rlfi;^ 



October 1972 



Or. Alfred Gunter 
Assoc, Professor of Biology 
Shfppansburg State College 
Shippensburg^ PA, 17257 

Dear Dr* Gunter: 

Thank you for your latter of October 24 requesting permission to use 
the evaluation form I developed for our audio-tutorial botany course at 
Maine* I would be pleased for you to use the evaluation in any way that 
may be helpful to you* I would appreciate receiving a copy of any rev i sad 
form you may develop and would be fnterested In your results* 




Douglas Gel inas 
Asst. Professor of Botainy 



DGijf 
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AppendlK H 

Student Reaction to Audio -Tutorial 
Basic Biology Attitude Scale 

Inforrnation and Directions 

In order to assess student reaction tv the audio-tutorial 
approach j a list of statements has been prepared. You are asked to 
Pespond to the statements by indicating whether you' strongly agree 
(5A)j agrue (A, , are neutral (N), disagree (D), or strongly disagree 
(SD)t Circle your choices on the response she^t* 

1. The A-T study session is preferable because the student can select 
a time adapted to his efficiency peak and his schedule* 

2. It is easy to "bluff your way through-' the discussion session 
without having expiated the A-T study aesgion. 

3* The student in the audio-tutorial system faals more keenly the 
responsibility for learning than a student in the traditional 
system (lecture-laboratory ) * 

The tapes in the A--T study session do not adequately eKplain the 
week's material, 

5* The audio- tutorial mtthod seeras to bring about an informaij easy- 
going atmosphere f 

6* I would probably listen to suppleir-ental advancad tapes if they were 
available, 

7. The audio-tutorial approach does not take into aocuunt indi/idual 
differencas in learning ability. 

8* The A-T study session affords the student m^e Indi dual attention 
than would a regular lab* 

9# An audio-tutorial course is more impersonal than a conventional 
coiar^se. 

10, I would like iome of my other courses to be taught by audio- 
tutorial # 

11* The audio-tutorial system places too much responsibility on the 
student. 

12, The lab assistants are usually well informed about the material 
being studied * 
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13» The audio-tutorial aj^scim iom not providt enough apportunttjr to 
ask questions about tjndtw ffiatvltJi 

1^. I would li^m to have mprt luTplemtn^ai background tapss available 
for* eCTtain a?aaa (Qh^is^yi matli, ete»). 

15, It's hardw to pay a*t#^^t£on to th^ tapt than to i l^^twer, 

16, 3 would take mora biQl^jy CQiaPsii if were taught audlo^ 
tutorial* 

17, I'm just a mmbev in an audlo-tutctiial Cowse. Nobody knows iiho 
I ani, 

18, *Ihe audio* tutorial math^ it tea hart ta set the professors 
in eharge of the aour^s# * 

19, 3 prefer the A-T mtthied ov^er the liatUE^i^laboratOTy approach, 

20, It vould be irnpcBsibie to jtes tha aour^ie without eompleting the 
A-T study sesiicn fi^h ws3c. 

21, I believe I would lav^t iaa3*ned mort Hology in a convent ional 
lactwa'-laboratOTy o^t^^e. 

22, The tapes are hovLmg^ a*^d it is hwd t© Qaneentrata on thm^ 

23, Studants can study at thel3P ^wn pmm in tHe A-^T itudy seas ion and 
repeat difficult part^ as cften as n^oa^i^x^yt 

Sift Repeating pai»t .^f ^ha tmpm spldcm htJps ^iia^* up a difficult topic 

25 » V?earing headphoms an^ hiving an individual atudy area mlnimiEes 
distraetlans by othsr students* 
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Stydeiit Audio-T\itorial Record Card 

















day 


tinie in 


ttTne eut 


booth 


cheek 
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Append ix J 

Chtak List for Student Stlected E>cpepituai nreatm^nt G2»oup 
J^am e DisexiSilon Group Leader* Claas Hour 



Grcup Aaaigranant A B C D Ccircl^i one) 

Ms id BiolDgy 
Milosii and Mitosis 

When you have completid this unit| you ahaiiid be able tot 



Discuss the signlf Icanae of mitosis and meicsis in plant 
and animal life cycias* 



Manipulate objects <that represent Qhromoaoinas) through 
the ^equenea of avents that occurs in mitosis and meiosiai 



Defiiie eexual reproduction* Give sKampIes of organiams 
that reproduce seKualljri 



Reeognlzs the stages of animal mitosis (when given 
significant characteristics of a staga). Relate 
(1) cantrloleSj (2) centrosomas , (3) Qhromatlds, 
(4) spindle fibers i 



Ccinpart melosls and mltcais (in terms of ohangas in 
cte*omosDme number and end producte)* Dsacribe the 
significant events that aecw during meieslSi Explain 
oTDssing over. 



Recognise the stages of plant mltoils (whei^ liven 
significant charaeteristlcs of a stage). 



Explain the w^ay in which ehromesomea, genes ^ airf DNA 
related. 



Define asaxual reproductioni Give eKamplas of organiOTS 
that reproduce asemallya 

Give examples of plant and animal calls that divida 
mitat ically* 

Diitinpilsh ^^eirweiii haploid Cu) and diploid (2n). Give 
Wimplas of plftat and aninial cells that dlvida meiotically. 

I 

OlVl THIS TO THE IKSTRUCTOR 

BIPORE YOU LEAVE, 1Q7 
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AppendtK K| Table 28 

Means and Stindard Dwiatlons far SAT, Aehisvemerit 
ft'etastp and Sequence Test Scores 



rreatnisnt Groups 




A 


B 


C 


D 


^C.E.l.B. Scores 


SAT Hath 


K 


S13.98 


53t..-.>' 


519.90 


531.1*4 




SD 


76,79 


38 1 is J 


85.85 


77.92 


SAT Verbal 


M 


1*65.11 




1*73,35 


47**, 96 




SD 


70.73 


79.28 


75.01+ 


76.04 




^Achitvtnient Pretest 


Scale Seovei 






Photosynthe sis 


M 


6. 43 


6.38 


S,06 


6,50 




SO 


1.76 


2.02 


1.90 


2.31 


Respiration 


M 


i*.96 


li .70 


If. 88 


*4.20 




SO 


1.6*t 


1.85 


1.51* 


1.75 


Helosis and Hitosls 


M 


i*,21 


l*.it7 


i*.5S 


**.3g 




50 


1.86 


2.10 


1.73 




Gene'Clcs 


M 


it.ge 


5.00 


1*.12 


4.89 




SO 


2.29 


2.3** 


1.92 




Control Mechanisms 


n 


1.1*0 


H.87 


i*.3S 


5J,3 




ss 


1.53 


1.86 


1-65 


1.83 



1^8 
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Table 28 (continued) 



Tpeatment Groups 




A 


B 


C 


D 




^Sequence Test 


Scale Scores 






Photosyiithes is 


M 


3.19 


3,26 


3.30 


3.06 




SD 


1.52 


l.»+l 


1.39 


1,58 


Rispiratlon 


M 


3,95 


4.03 


4.02 


4.02 




SD 


1.6»+ 


1.62 


1.65 


1.57 


Helosls and flltosis 


W 


2.86 


3.28 


3.16 


3.38 




SD 


me 


1.83 


1. 52 


1.95 


Genetics 


M 


S.15 


4.79 


5.35 


5.50 




SD 


1.82 


1,93 


1.89 


1.93 


Contt'ol Mtchanisms 


M 


3,82 


4.20 


4,08 


3.98 




SD 


1.61 


1.74 


1.77 


1.84 



^ 94^ subjects par w&atmtnt group 

^ ^ approxijiiately one half of the subject i in each tTmnXr^^at 
group 

^ * 9*4 subjects par traatT(i€rit group 
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AppendiK Table 29 

Analysis of V»ianc« for SAT and Achievement Pretist 
Scares I SBUS and TDUS Treatoent Groups 



Variable 


MS 


df 


F 


r 

(Criticai) 


^CEEB Scores 


SAT-Mathematics 


208,59 


1, 372 


0.04 


3.S4 


SAT -Verbal 


208.63 


1, 372 


O.OU 


3.84 


SAT-Total 


767.10 


1, 372 


0.O5 


3.84 




^Achievement 


ft'etest Scale 


Scores 




Phetosynthesis 


0.20 


1, 180 


0.05 


3.90 


Respiration 


2.88 


1, 180 


1.01 


3.90 


Mitosis and Meiosls 


1.05 


1, 180 


0,28 


3.90 


Genetics 


17. 


1, 180 


3,84 


3.90 


Control Mechaniitni 


0.66 


1, 180 


0.22 


3.90 



^Based on data ^om all subjaotSt 

^AppreKlmattl/ one half of ths subjects in each tt'eattnant group 
ware fg^atested with tha AQhleVOTent Posttast, 
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AppGndlK Table 30 

Analysii of VarXanee for SAT and Achievement 
ft»eteat SooreSj Interaction Tsst 



Variable 


MS 






F 

* 


F 

( Cvi'^^ fa 1 ^ 




*CEEB 


Scores 






SAT-Wathematics 


1850.12 


1, 


372 


0.31 


3.84 


SAT-Verbal 


»t290.59 


1, 


372 


0.76 


3.84 


SAT-Tetal 


11517.92 


1, 


372 


0.72 


3.84 




^Achleveintnt Rpetest 


Scale 


SCOTtS 




Photesyntheals 


2.17 


1. 


180 


0.54 


3,90 


R«splrat ion 


4.57 


1, 


180 


3.53 


3.90 


Mitosis and Melosls 


1.06 


1, 


180 


0.28 


3.90 




12.52 


1, 


180 


2.82 


3.90 


Controi Meohanlsnis 


0.66 


1, 


180 


0.22 


3,90 



^Bassd an data from all sub j sets. 

1^ _ * - 

""ApppeKMstaly one half of the subjeeta in each -te^satment group 
ware p^at^sted with the Achievement Poattsst. 
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Appendix K, Table 31 

Analysis of Variance for Saquenee Test SaoreSi 
TDE and SSE 'ft'eitmtnt Groups 



Test Scale 


MS 


df 


F 


f 

(Critical) 


Photosynthesis 


0.68 


X, 372 


0.31 


3. 84 


Respiration 


0.17 


1, 372 


0.06 


3.84 


Mitosis and Meiosls 


9.58 


1, 372 


3.29 


3,84 


Genetics 


1.06 


1, 372 


0.30 


3.84 


Control Heohanisms 


1.80 


1, 372 


0.59 


3.84 



AppefidlK Table 32 

Anilysis of Vwlanca for Sequenca Teat 
ScOTSi, Interaetion Teat 











F 


Test Scale 


MS 


df 


F 


(Critical) 


Photosynthesis 


2.08 


1, 372 


0.96 


3.84 


Respiration 


0,17 


1, 372 


0,05 


3.84 


Mitosis and Meiosls 


0,86 


1, 372 


0.30 


3.84 


Genetics 


6.13 


1, 372 


1.71 


3.84 


Control Meohanlsins 


5,63 


1, 372 


1,85 


3.84 
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